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SOME OBSERVATIONS AND COMMENTS ON 
THE LABOULBENIALES ' 


LELAND SHANOR 


\ little over a century has passed now since Robin and Montagne 
named the first species of the fungi which we classify today as belonging 
to the order Laboulbeniales. In 1853, in Robin’s classical treatise on 


the natural history of vegetable parasites, these authors selected the name 


Laboulbenia for the new genus which was proposed at that time. Over 
four hundred additional species have been discovered since that have 


been assigned to it, and approximately one hundred and twenty-five 
other genera have been recognized also These genera are distributed 
Only two species were described, named 


usually among three families 
Today about 1500 species are known, 


and figured in Robin’s account 
making the Laboulbeniales one of the larger orders in the pyrenomycete 
series of the ascomycetes 

\lthough Robin and Montagne were the first to recognize that thes 
minute organisms which they described belonged to the fungi, others, 11 


the decade prior to the publication of the diagnosis and name, had seet 


the objects these authors reported. As might be expected, entomologist 


were the first to take note of these tiny bodies, but Rouget, Follin, and 
other early observers either looked upon them as abnormal structure 
belonging to the insect or regarded them as merely unidentifiable plant 
parasites whose relationship to known plants was not apparent. The 
first of the Laboulbeniales observed were detected on Coleoptera, the 


i 


ground beetles, but representatives of the order now are known to infest 


1 Presidential address, Mycological Society of America. Presented September 


6, 1954, at the Society meetings in Gainesville, Florida 
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receptacle and which eventually become the perithecia; and 4) mak 
reproductive structures which are produced either from the receptacle 
or on the appendages. In spite of this relative simplicity, the remark 
able variation within the order is amazing. For example, the receptacl 
may consist of only two cells in some genera but may be made uy 
large and indefinite number of cells in others. When the receptacl 
extensively developed, cell division may take place in several plane 
that a massive structure is formed as is characteristic of Zodtomyce 
uzodiomyces, and some other genera, or cell division may take place 
mly in the transverse plane so that the resulting receptacle is filamentou 
; 


as for example in Fihtariomyces and Enarthromyces. ‘The foot is usually 


dark and generally appears simply to serve to attach the thallus to the 


integument In some species a rhizoid may grow from the basal cell of 


the recepta le inward through the cuticle of the host and even into the 
hody cavity Species having rhizoids have been found almost exclu 
ively on soft-bodied insects \ppendages are quite variable; in some 
forms they are simple, in others they are extensively branched Some 
appendages bear antheridia, others remain permanently sterile TI 
+f 


é 


female reproductive organ consists of a row of three cells which origit 
from a cell of the receptacle. Perithecial differences in the number 
vall cell the number of ascogenous cells, and other variations, are 
encountered among different genera in the order Male reproductive 
organs are of three basic types, but ; produce minute non-motil 
permatia. In one type, the spermatia are formed exogenously from 
cells of the appendages in a manner much like typical conidial formatior 

In both of the two remaining types, the spermatia ar formed endoge 

nously in phialide-like antheridial cell In the first of these, tl 

antheridial cells are produced separately and are referred to as simple 
antheridia. In the other, antheridia are formed in a group and spermatia 
are discharged into a common cavity which opens to the exterior. These, 
then, are designated as compound antheridia The nature of the stru 

ure producing the male cell is the character upon which the three fami 


1 


‘s of the order generally recognized are separated 


+} 


Now let us consider some of the areas of investigation on the 
Laboulbeniales that should prove fruitful. Obviously time does not 
permit discussing all of these in great detail. Therefore, for conveni 
ence, | shall group my comments under a few general headings and call 
attention to some of the more recent work that has been reported 

| should like to comment first on taxonomy, morphology, and di 
tributional studies. The largest number of papers published in recent 


years represents work in these areas In 1908, Dr. Thaxter proposed 
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that the genera of the order Laboulbeniales be separated into three 


families: 1) the Laboulbeniaceae, to include gener: which spermati 
ire formed endogenously and the antheridia are of the simple type 
2) the Peyritschiellaceae, to include those genera in which sperma 
formed endogenously in compound antheridia; and 

cetaceae, to include genera in which spermatia are formed exogenously 


l 


(Under these families, grouping of genera into sub-families also was n 
licated. This remains the basic system of classification that is followed 
till by most mycologists and few exceptions have been taken to if 
Colla, in 1934, proposed that four families should be recognized 
would divide the genera in Thaxter’s Laboulbeniaceae into two 

lies, using as the basis for separating them whether or not thei 

are homothallic or heterothallic, that is, monoecious or dioecious 

other two families as proposed by Thaxter were retained by Colla 

the distinction drawn on the basis of possessing exclusively homothalli 
or exclusively heterothallic thalli to characterize families is not a get 
erally acceptable basis for classification at this level is arly indicated 
Numerous genera in other groups of fungi are kno n which there 
are both homothallic and heterothallic species The same might be « 
pected in the Laboulbeniales Laboulbenia formicarum serves to illu 
trate this point Prior to 1950, none of the species of Laboulbenia, of 
which there are about 400, were known to be dioecious Dioecism 
Laboulbenia formicarum was reported by Benjamin and Shanor in 1950 


48 years after the species had been first recognized and named 


parently Thaxter, who described it, had not detected the smaller 


thalli of this species, for antheridia were not mentioned in 
and only female thalli were figured in a later monograph 
its dioecious character, Laboulbenia formicarum possesses 
characteristics of other species of Laboulbenia \vailable information 
and illustrations relating to Laboulbemia hagenti indicate that this spec 

is probably dioecious also. Careful studies on the developmental mor 
phology of still other species, where the facts as they relate to antheri« 
are obscure, may bring to light additional examples. It seems obviou 
that monoecism versus dioecism is not satisfactory for eparating genera 
into families, or for separating otherwise similar species into different 
genera, 

Professor Ernst A. Bessey, in 

Taxonomy and Morphology of Ft 
of the order Laboulbeniales 
the Laboulbeniaceac 


hut elevates the tw ubtamulies 
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fungus will be found living a 


’ ‘ ‘ ¢ 7 ) 
iving a tor 


under these conditior 


lonying to a laboulbeniaceous fungus! Although s does not 
likely, it is not completely outside the realm of possibility 
parasitic fungi which have one pattern of growth in their paras 
animals present quite different characteristics when 


on or im 
the relatior hip betweer these 


as saprophyte In such instances 
proved by carefull) 


ometimes has been surprising but has beet 


ducted experimental studies As vet none of the Laboulbeniale 


heen artificially cultured 


experimental studies to determine the 
1ecie nov looked upo! a being yery 


vould be worthwhile contributions cockroache 
ideal for such a study, for these insect a ye maintained 11 
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horatory 
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flic ‘Transfer from one host individual others 1 
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iccomplished through direct conta¢ 
infestation is spread More recently two Swedish inve 
Lindroth, in 1948, reported briefly or 


& ipparently the 


fig 
Lit 


which an 
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Harpalu The fungus used was a speci ( thoulbenta 
h was maintained for many months on Harpalus 
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melleti, the host species on which it was found in great abundance 11 
nature This species of Laboulbenia ferred from HT. m 
to H, punctatulus and to H. seladon by using spore intested 
fested individuals of the original host, which were employed t 
contact moculation, were found to effective than infec 


Laboull ( ) Harpalus serripe 


species of Lahoulben 
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\ll attempts to transfer this 


was concluded from tl study 
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least, the transfer of the fungus to 
more effective than direct contact between infected and ne 
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and which is secreted in a liquid st: yresence oft tegumentary 
glucose has been demonstrated among arthropods generally 


None of the Laboulbeniales have been grown in artificial culture 


Chat the spores of at least some species will germinate without contact 


with a host is clear. In several instances the development of the spore 


it least through the formation of the indurate foot, has been observed 
within the perithecium when spores have been retained within it abnor 
mally. \lso, we have observed on several occasions the germinatiot1 
if spores that have become attached to the perithecitum from which the 
have been discharged but growth beyond the four-celled stage has not 


been seet Perhaps, unless a contact with living cells of the hi 


made by the time thi tage is reached, the individual car 


furthers The successful cultivation of any of the Laboulbeniales on a 


ficial media would open the way for a wide variety of experimental 


tudies. Then it would be possible to carry out with greater ease cro 
inoculation studies involving the morphologically similar species tl 
occur on different hosts and which are now separated largely o1 
basis. Then it will be possible to clarify some of the taxonomi 
lems that now involve certain species complexes in the ordet 
would be more feasible to study more effectively phenomena 
position specificity and sex specificity than is possible at the 
time It would seem, therefore, that the key to obtaining a 
broader understanding of the Laboulbeniales than we nov 
depend largely upon solving the problem of how to grow 
nembers of the order apart from their insect hosts. Lf ; 
beniales are obligate parasites, this may not be accomplished 
ever, if some of them derive their nutrition only from the cuticula1 
tances or secretions, then laboratory cultivation on artificial media 
be possible. 

The Laboulbeniales offer an unusual challenge 
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THE NUTRITION OF SCHIZOSACCHAROMYCES 
POMBE 


‘ 
; 


have been, for almost a century, the bases of investigation 

to fundamental discoveries which have become the foundatior 

upon which much of modern biological science has been built \ccord 

J. Willams (1941), “Some of the most far-reaching di 

veries in the whole field of biology have been made in connection wit! 
the study of yeasts.” The object of this investigation w 
complete synthetic medium, consisting of known quantiti 

defined substances, in which the yeast Schizosaccharomyces pombi 

grows optimally It is hoped that this contribution may 


metabolic studies 
METHOD 


(,rateful acknowledgment 1 made to Dr. L. |. Wickerham of the 
Northern Regional Research Laboratory, Peoria, Illinois, for the culture 
of Schizosaccharomy om 58 which was used throughout thi 

vestigation k cultur f the organism we 


medium plu 


paragine o o thi uti t| minor 


added in parts per million as follow , 0.01; Cu, 0.04; 


0.02: Mo, 0.02: and Zn. 0.18 | the medium wa 


The complete medium cons | of the minimal medium, tl 
the purine and pyrimidine, a the amino acid supplement 
plement of B vitami 0 ifficient amounts to give 
concentrations of each per | vhen 10.0 ml were used 

in, 15.0 pg; pter 
mg; pyridoxine HC], 0.6 
0.6 mg; p-an ! ic acid PABA), 0.6 mg; ( 
mg; and ino | 100.0 mg Che purine-pyrimidine 


contained adenine, guant <anthine, and uracil, 
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these requirements. The media used and the turbidity produced in eacl 


during 48 hours of incubation are indicated in Taste I. The yeast 
failed to grow in those media which lacked the vitamin supplement 
When the only addition to the minimal medium was the solution of 
vitamins, the turbidity produced during the period of growth was 40% 
of the maximum which occurred in the medium that contained not only 
the vitamins but also amino acid supplement and yeast extract. Wit! 
the amino acids in addition to the vitamins, growth was about 60% of 


the maximum 


TasLe I] 


[HE EFFECTS OF YEAST EXTRACT AND OF A COMBINATION OF PURINE AND PYRIMIDINI 
RASES ON THE GROWTH OF S. POMBE Y-658 THE PURINE-PYRIMIDINI 
SUPPLEMENT INCLUDED ADENINE, GUANINE, XANTHINE, AND URACII 


Med 


Minimal medium 

Minimal medium +4 itami upplement + amino acid ippleme t + act 
line, guanine, xanthine, and uracil 

Minimal medium + vitamin supplement + amino acid supplem«e 


extract + adenine, guanine, xanthine and uracil 


nt 


[In a supplemental experiment (Tape I1) performed under similar 
conditions, 1t was found that the inclusion of yeast extract in the mini 
mal medium which had been supplemented with the vitamins, amin 
acids, and the four bas adenine, guanine, xanthine, and uracil—tre 


sulted in no better growth than occurred in the medium without it 


Vitamin Requirements 


Measurements were made of the turbidities produced after 48 
of incubation in a series of media complete except for the omi 
one of the vitamins, a different one from each medium At the 
time, the yeast was inoculated into the minimal medium; the complet 
medium ; a medium complete except for the omission of both PGA and 
PABA; and one which differed from the complete by having 30.0 pg/ml 
of B-alanine substituted for the pantothenic acid. Growth in the absence 
of riboflavin, niacin, PGA, or PABA, and in the absence of both PGA 
and PABA did not differ significantly from that in the complete mediun 
(TasLe III). Without thiamine, growth was reduced to about 50‘ 
of the maximum, and without pyridoxine it was approximately 35° 
Little, if any, growth occurred in the media lacking biotin, pantotheni 
icid, or inositol. The substitution of @-alanine for pantothenic acid ir 
the complete medium resulted in no significant change in the 


growth of the yeast. 
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GROWTH OF S. POMBE Y-658, AFTER 48 HOUR 
OF VARIOUS VITAMINS 


Me 


Minimal medium (Control No. 1 
omple medium (Control No. 2 


omplete medium-——PGA and PABA 


omplete medium-——-PABA 
omple medium-—PGA 
omple medium —ribofla 


omplete medium-—thiami 


( 

( 

( 

( 

( 

( 

Complete medium—niaci 
Complete medium—pyrido 
Compl medium —biotit 

( omple medium inositol 
Compl medium-—pantothe 
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omple medium pal tothe 
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0.001 pg/ml. In a subsequent experiment (Fic. 2) measurements wer: 
made of the response of the yeast to increments of biotin after 48 hour 
pyri 


of incubation in the minimal medium supplemented with thiamine 
\n increase in growth from 


doxine, inositol, and pantothenic acid. 


none, in the absence of biotin, to a maximum at a concentration of 
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0.001 pg/ml occurred. The amino acid supplement and the purine and 
pyrimidine bases were omitted from the basal medium used in this ex 
periment in order to avoid the possibility of introducing contaminating 
traces of biotin; these omissions account for the low maximum growth 
which was obtained However, the amount of biotin found optimum 
lor growth in this medium was sufficient also for the higher maximum 
growth which occurred in the presence of these supplements (TABLEs 
V, VI) 

By a similar procedure, the optimal concentration of inositol for the 


growth of the yeast was found to be 8.0 yg/ml (Fic. 3), and that of 
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added to the asparagine medium After 36 hours of incubation in the 
minimal medium into which the optimum amounts of the required vita 
mins and the purine-pyrimidine supplement had been incorporated, the 


turbidity was approximately 43% of that in the medium which contained 
also the amino acid supplement (Taste V). After 96 hours, the differ 


ence was not so great; the growth in the former medium was 76% of 
that in the latter. 

\ further experiment (TasLe VI) indicated that S. pombe Y-658 
can utilize (NH,),SO, as its sole source of nitrogen. \fter 48 hours 
of incubation in a medium with NH-, as the nitrogen source, the tur 
bidity was 132 as compared to 153 in a similar medium which contained 
asparagine in addition to the ammonium compound; there was no sig 
nificant difference in the turbidity produced in these two media in 72 
hours. Growth was improved slightly by the inclusion of the purine 
pyrimidine supplement in the medium containing both (NH,),5O, and 
asparagine, and it was improved even more by the further inclusion of 
the amino acid supplement. The substitution of arginine for asparagine 
in the medium containing (NH,),5O, and the purine-pyrimidine sup 
plement resulted in an increase in the growth of the yeast; a greater in 


crease occurred when glutamic acid was used as the substitute. 


DISCUSSION 


It is interesting to note that Schizosaccharomyces pombe Y-658, un 
like the strain (or strains?) investigated by Burkholder et al (1944) 
and by Schultz and Atkin (1947), is not deficient for niacin. However, 
these strains were alike in requiring biotin, inositol and pantotheni 
acid \nother strain ( Y-164) with which some preliminary comparative 
studies were made during the course of this investigation also is deficient 
for niacin as well as for the three vitamins just mentioned. The strain 
used by Emery et al (1946) was similar to, if not the same as, Y-658 
since it, also, required biotin, inositol and pantothenic acid but did not 
require niacin. 

Evidently S. pombe Y-658 has a partial deficiency for both thiamine 
and pyridoxine since each must be available in order to obtain a maximal 
growth rate. It should be noted, however, that the inclusion of either 
of the vitamins in the medium resulted in a significant increase in growth 
over that occurring when both vitamins were lacking. There was 
evidence of inhibition by thiamine in the absence of pyridoxine as ha 
been reported by Schultz et al (1940), Schultz and Atkin (1947) and 


Rabinowitz and Snell (1951) for some members of the genus Saccharo 
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ationship between the two vitamins in the metabolism of 
5. pombe probably is somewhat similar to that described by Moses and 
loselyn (1953). They reported that the two vitamins “served as func 
tional substituents for each other” in the nutrition of Saccharomyces 
cerevisiae 6044. They also noted that both vitamins were indispensable 
for a maximal rate of growth. 
Imery et al (1946) suggested the use of S. pombe for the assay o 


inositol but did not indicate the strain. Strain Y-658, which was used 


in this investigation, is very sensitive to inositol and shows a very good 


response over a range of concentrations from 0.0 to 8.0 pg/ml, inclusive 


However, because of flocculation, it is difficult to obtain accurate tut 


hidimetric readings, and, for this reason, it is not recommended for assay 


purpt SCS 

Wickerham (1946) reported that many yeasts are capable of as 
similating (NH,),.5O,, urea or asparagine when supplied adequate 
amounts of vitamins pombe Y-658 grows better in the presence of 
vitamins when supplied with nitrogen in the form of arginine, glutami 
acid, or a mixture of the amino acids than with either (NH,),SO, or 
asparagine (TABLES I, VI). However, fair growth does occur witl 
either of the latter two as nitrogen sources; therefore, it has no require 
ment for a specific amino acid 


The phenomenon of flocculation of S. pombe Y-658, which was o 
particular significance in this investigation because it seriously hampered 
preparation of uniform inocula and interfered with accurate measure 
ments of turbidity, is of sufficient importance to warrant discussion 
[his yeast characteristically grows in hard, flaky clumps, which are 
difficult to disperse into a homogeneous suspension of individual cells 
by ordinary methods. Conversely, a closely related strain S. pomb 
Y-164 grows in soft, creamy colonies which readily go into uniform and 
rather stable suspensions 

Flocculence, at least in certain yeasts, has been found to be a genetic 
(Pomper and Burkholder, 1949; Thorne, 1952), and the 
presence of bivalent or polyvalent ions has been shown (Jansen and 
Mendlik, 1951) to increase the tendency to flocculate The latter fact 
suggests that flocculation is associated with the electrokinetic properties 


characteristi 


of the cell wall MgSQ,, which was incorporated in the basal medium, 


ul doubtedly im reased the tendency of the yeast to flocculate ‘J his was 


borne out by the fact that flocculation decreased noticeably when the cell 
were washed and suspended in the presence of Na” ions contained in the 


physiological saline solutio In the course of ng various substance 


as anti-foaming and anti-flocculating agents, the use of 95% ethanol fo 
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SUMMARY 


Sch osaccharomyce j \ 658 is deficient 
: 
i¢ acid, and imositol The following amounts 


maximal growth: biotin, 0.001 pg; pantothenic 


8.0 ng. The inclusion of either thiamine or pyridoxine 


resulted in a significant increase in growth « 


in the absence of bot! lor a maximal growth 
\denine and uracil had a stimulatory effect 
the yeast 
\Ithough S. pombe Y-658 utilized eithe 
as it ole source of nitrogen, its growtl 
acid, by aspartic acid, and ever Ore, 
lyzate 


\ method of overcoming flocculence 
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THE EFFECTS OF HUMIDITY, TEMPERATURE 
AND CARBON DIOXIDE ON SPORULATION 
OF CHOANEPHORA CUCURBITARUM 


Virci. GREENE LILLY 


Under the usual laborator \ conditions in test tubes, flasks or tightly 


closed Petri dishes, the high humidity and poor ventilation create abnor 


mal conditions which may permit growth of the mycelium, but often 
greatly reduce sporulation of many fungi. This may be due to unfavor 
able humidity, insufficient oxygen or to an accumulation of carbon diox 
ide or other gases resulting from the metabolism of the fungus 

Comparatively few studies of the effects of the conditions of the at 
mosphere in the culture vessels have been made, but it is known that 
these factors are important for some fungi. Henry and Andersen 
(1948) have shown that an accumulation of ammonia reduces sporula 
tion of Piricularia oryzae, and Bright et al (1949) reported that an 
increase in carbon dioxide reduced sporulation of Saccharomyces cer 
VISWde,. 

Ternetz (1900) found that high relative humidity was necessary 
for the formation of apothecia of Ascophanus carneus. Wlebs (1900) 
howed that the optimum relative humidity for zygospore formation 
of Spordimia grandis was higher than the optimum for the productior 


t 


of sporangia. Only zygospores were formed near the saturation poin 
of the atmosphere. Relative humidity had some effect on the produc 
tion of perithecia and conidia of two species of Magnusia (Sweet, 1942) 
but the two species varied in their response. One species produced 
perithecia at a relative humidity too low for the formation of conidia 
On the other hand, Goldring (1936) found that relative humidity had 
little or no effect on the relative numbers of sporangia and sporangiola 
produced by two strains of Blakeslea trispora 

No reference to work on the effect of humidity on Choanephora cucus 
ntarum was found, although a study of light, temperature and nutritional 
factors that influence sporulation was reported by Barnett and Lilly 
(1950). This paper reports the results of continued studies of environ 


mental conditions affecting sporulation 


Published with the approval of the Director of the West Virginia Agri 


Ixperiment Station as Scientific Paper No. 488 
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CHOANEPHORA CUCURBITARUM 


MATERIALS AND METHODS 


The isolate used in this study was obtained from a diseased squas 
flower at Morgantown, West Virginia in 1947 The medium w 
same used in the previous study (Barnett and Lilly, 1950), exce; 
Difco Casamino Acids, 2 gm per liter, replaced asparagine as the 
gen source, and the amount of glucose was increased from 2 to 
per liter 

Cultures were grown in Petri dishes containing 
of agar medium for two days, under continuous 
order to permit growth of mycelium under uniform 
vent sporulation. After this time, the cultures were 


and the lids of the Petri dishes were removed to permit free circulatior 


of gases around the fungus The desiccators and cultures were the 


placed in total darkness at the desired temperature for 12-16 hour 


during which time sporulation occurred. This procedure 


that the variable conditions were effective only during 
process 

The accumulation of carbon dioxide in the desicc: 
when desired by placing an open dish of 5% KOH 
tom In some experiments, carbon dioxide was : 
after partial evacuation \ saturated atmosphere wa itained in the 
desiccators by wet paper towels \pproximately 50% relative humidit 
was maintained by a saturated solution of ammonium nitrate Uncov 
ered Petri dish cultures | laced beside the desiccators served as control 


Uniform temperatures were maintained by the use of a constant temper 


’ 
ture room at 25° C and water-jacketed incubators for 28° and 30° ( 
lhe numbers of conidial heads and sporangia in a culture were esti 
mated by counting each in a given fraction of the area of the culture and 
calculating tl Since variation in numbers occurred in different 
trials, the ranges the totals are used in the ta \ll experiment 


were rep \ il time 


experiments 
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eriments we! 
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carbon dioxide allowed to accumulate, 
10 sporangia per culture; (2) open 
carbon dioxide removed 

1 1000 to 2000 


heads and 


desiceators, no sporulation 
\ll subsequent experiments on the effect 
were carried out in desiccators contain 


KOH to remove 
how the range in number 


the carbon dioxide 
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BIOLOGICAL ACTIVITY OF p-METHOXY- 
TETRACHLOROPHENOL ' 


Maryorre ANcnweL, ANNETTE Hervey AND Wriittam J. Ropsins 


Drosophilin A, an antibiotic compound from Drosophila subatrata 
(5), was identified as p-methoxy-tetrachlorophenol (1) Since chloro 
phenols (e.g. pentachlorophenol) and chloroquinones (e.g. tetrachloro 
quinone, active ingredient of “spergon”’ and 2,3-dichloro-1 :4-naphtha 
quinone, active ingredient of “phygon”) are used as antifungal agents 
(3), it was considered of interest to compare the antibiotic activity of 
p-methoxy-tetrachlorophenol with a number of related phenols and 
quinones 

The results of tests with bacteria and fungi are presented in Taser | 
\ll test samples were in 20 percent ethanol \ssays were made by serial 
dilution in liquid media using complete inhibition of growth, as macro 
scopically observed, for the end point. Mycobacterium smegma wa 
grown in modified Kirchner’s medium; all other bacteria in a beef « 
tract broth (4). The pH of these media was 6.6 to 6.8 after steriliza 
tion. For the fungi a medium of mineral salts, dextrose, and peptons 


at pH 6.0 was employed (2). Tests on the fungi and on M. smegma 


1 


were made in 1 ml quantities of liquid, for the other bacteria 0.5 ml 


volumes were used Trichophyton mentagrophytes, Bacillus subtih 


9%, ) 


' This investigation was supported in part by a research grant (1 
the National Microbiological Institute of the National Institutes of Health 
Health Service 

Che statement made in this paper that “Drosophilin A is believ 
first antibiotic compound isolated which contains a halogenated benzen 
due to an oversight. Several other antibiotic compounds with a chlorinated benzene 
ring were isolated earlier, e.g. geodin, erdin, griseofulvin, diploicin, and more 
recently, aureomycin 

Source of compounds tested 

Compounds Nos. 2, 5, 6, 7, 8, 13 and 14 were obtained from Eastman Kodak 
Co., compound No. 1 from the Amend Drug and Chemical Co., and compound Ne 
15 from the Naugatuck Chemical Co 

Compounds No, 3 and No. 10 were synthetic samples, prepared according 
Thiele and Winter (8) Che melting points were for No. 3, 145° and for 
130-3 

> 


Compound No. 4 was isolated from culture liquids of Lentinus degener (2) 


‘ 


Compounds No. 9 and No. 11 were prepared by reduction of the corresponding 
quinones No, 2 and No. 4 respectively, with SOs. The melting points (124° an 
126°) agreed with those reported in the literature (7), (6) 

Compound No, 12 was isolated from culture liquids of Drosophila subatrata 


(5, 1) 
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and B. mycoides grown at. ‘ the balance of the fung1 
yoy ~ 


ubated at 25° C. and of the bi: , at 35-37" 


we 


ade by our methods between the effect of the agent on tungus 


germination and on mycelial growtl Variations of pH, comp 


of medium, temperature and similar factors whicl influence 


were not investigated. The figure n 
inhibitory concentrations in micrograms per ml (48 | for M 
48 hrs. fo e fungi) 


24 hr for the other bacteria, and 42 to 
represent orders of magnitude rather than absolute valu 
lor the fungi, p-methoxy-tetrachlorophenol was as toxi 


than tetrachloroquinone (phygon) or th dichloro-nz 
chlorophenol 


pergon), but somewhat less toxic than penta 
tr 7 


quinone and p-methoxy-phenol were inactive i 


the condition used Phe other compound 


their effects 
The importance of the test organism in evaluatins xicity 


1 
| 


trated by some of the results Isperqillus niger, - example, 
tively resistant to a number of the test substances, tetrachlor 
quinone, pentabromophenol, 5-methoxy-toluquinone, to which se 
the other fungi were quite sensitive ()n the other hand, it was 
tive as, or more so, to p-methoxy-tetrachlorophenol, penta-ch 
and phygon, than were some of the other fung1 Vemnoniel 


Trichophyton mentagrophytes and Chaetomium globosum were 


by small amounts (1 ppm or less) of pentabromophenol while tl 


given in the table are the mi 


iit 


Tre i! 


No distinctior 


pore 
1t101 
cit 
mum 
Jia 


Che 


fungi were relatively insensitive to this compound (63 ppm or more 


} 
than on the fungi It was less toxic for the bacteria th: 


han was 
toluquinone or toluquinone Here also, toxicity varied 
g, Staphyloco: 


} 


with the test organism Generally pe iki 
was the most sensitive while Escherichia coli and Pseudomona 
nosa were the most highly resistant 

Some correlations between chemical structure and toxicity 
gested by the data in Taste |. However, since biological 
pends not only on chemical structure, | 
(the organism) on which the chemical 


eralize 


In antiphage tests carried out with p-methoxy-tetrachlorophenol 


Dr. 1. N. Asheshoy, the compound showed considerable activity 
i number of staphylophages, and stimulation of a number of 


phage 


For animal toxicity tests, four groups of five 
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FUNGI IN AIR OVER THE ATLANTIC OCEAN 
S. M. Papy? ann L. K 


viTH 4 FIGURES) 


The presence of fungus spores in the air has long been known, and 
their relationship to epiphytotics has been fairly well established (17 
Most of the investigations have used vaselined slides or nutrient plate 
exposed by hand from aircraft (18) or from a stationary site, and wer: 


qualitative in nature (1). Recently there has been considerable inter 


in quantitative methods as well (3, 4, 5, 6, 16) and considerable in 
formation has been obtained, particularly in the Canadian arctic and 
over other parts of Canada (7, 13) Very little, however, is known of 
the fungi in the air over ocean masses. Meier (10) established that 
fungi were present over the Caribbean Sea, and with the cooperation of 
Col. C. A. Lindbergh exposed slides over the North Atlantic on which 
many fungus spores were caught (8, 9). Newman (11), over the 
Pacific Ocean, exposed slides with a coating of agar and obtained colon 
of Cladosporium In 1951 two flights were made from Montreal, 
Canada, to London, England, and samples were taken throughout the 
two trips. A brief account of the numbers of fungi and bacteria has 
already been published (14). The methods, techniques, meteorological! 
data, and a preliminary account of the fungi and bacteria obtained have 
also been published (15). This paper gives further information on the 
numbers and types of fungi in transatlantic air 

For the technical data on the flight reference should be made to 
earlier papers (6, 14, 15), but the essential features will be repeated here 
The samplers used were the McGill-GE sampler, the Bourdillon shit 


‘This work was part of a cooperative project carried on at McGill Ur 
between the senior author in the Department of Botany, and Dr. C. D. Kell; 
Department of Bacteriology, and was supported by a grant (No. 175) 
Defence Research Board. The trip of June 1951 was made by Dr. 
that of August by Kelly and Pady. The cooperation of Mr. G. W. Row 
Defence Research Board and the officers and men of Squadron 426 of 
at Dorval, Quebec, and the Meteorological Office of the Department 
at Montreal, is gratefully acknowledged 

Present address, Head, Dept. of Botany, Kansas State Colleg« 
Kansas 


Present address, Dept. of Bacteriology, McGill University, Montreal 
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sampler, and a glass wool filter (6) he samplers were installed in a 
(DC-6) of Squadron 426 of the RCAF, a heavy 


the 


North Star Aircraft 
transport. Samplers were operated continuously during 
of 8000 and 9000 teet Plates witl 


( 1 +) were 


SeTVICE 
flights, which were at altitudes 
modified Czapek’s agar and slides coated with silicone 


used. The McGill-GE and slit samplers were operated at an air flow 


of one cubic foot per minute and the sampling period was usually 15 o1 


30 minutes over land and 30 or 60 minutes over water 


NUMBERS OF FUNGI 


Extreme variation characterized the samples taken on both the Jun¢ 


and September flights Not only was there variation of numbers u 


different air masses, but there were also variations in the samplers ther 
elves even when sampling the same ai The slit sampler gave read 


ings that were two to eight times higher than the McGill-GE sampler 
It is not known why these two samplers, which gave comparable result 


when used in a fixed position, should be so ssimilar when mounted 


in an airplane The numbers as obtained by 


solid bar 


in ics. 1-4 ach sample is represented by 


indicating agar plates, and open bars silicone slides bars do not 
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indicate exposure length which was usually 30 mit \ he oce 
15 min. over land \ir masses and stopovers are also included i 
hgures. 

In the first flight (Fic. 1) on June 25, technical difficulties prevented 
plates from being exposed between Montreal and Goose Bay, but four 
hour-long samples were made with silicone slides When the flight was 
resumed a mass of tropical air was encountered in which numbers of 
fungi in plates were high, with one plate having a reading of 13 per cubic 
foot. The slide exposed at this time, however, had a reading 7 
cubic foot, due possibly to the fact that part of the ex 
been in polar air. In this flight numbers over the ocean 


all air masses and even in that which covered England. 


FIRST FLIGHT, WESTBOUND LONDON —MONTREAL June 
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lon to Montreal in Tune, 1951 


flight or June 29-30 (Fic. 2) was over the northert part of the At 
lantic Ocean via Keflavik, Iceland, and was marked by a large mass of 
tropical air which extended well beyond Iceland. This air mass averaged 
+.8 per cubic foot, whereas the polar air which covered the western part 
of the Atlantic had an average of 0.37 fungi per cubic foot. 

The second flight in August (F ies. 3, 4) encountered more air mass 
than in June and in general numbers were higher. In the 
flight on August 22-23 (Fic. 3) numbers were fairly high even in polar 
air over land. Over the ocean, polar air with very low numbers (ave 
age 0.2 per cubic foot) was dominant, while the maritime tropical air 
over the eastern part of the Atlantic and over England was distinct from 


the polar air, with numbers averaging 1.38 per cubic foot. When the 
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and Montreal, plate counts were comparable with polar air 


ocean. This air mass was tentatively identified as polar, but 
sults of the slide study clearly indicated a different origin 


discussed later. 
FUNGI FROM NUTRIENT PLAT! 


lasLe [ is a summary of all of the fungi that were obtained on the 
June and September flights by the three samplers, and arranged ac 


cording to air masses. The plates that were exposed in tropical 


SUMMARY OF tUMBER 


Clados poriun 5 ¢ : , 1108 

Sterile colon c . : ' ah 
illernaria 2 ‘ : 34 

Pullularia ; , 4 “ ++ 

Ve ist > an 
Penicilliun . “- 
ney I i is 2 69 
lemphyliun ! " 
Papularia ~ 
Fusariun +. 
{clinomycel ~ 1 . 
Ispergillu 

Oos pora 

Phom 

Helminthos por 

Cephalotheciun 

Zythia 

l richodern 


Vigro 
Cephailo 

phace ronem 
Contothyriun 
Chaetomiun 
{ nice ntitied 


Vloss protonema 


nad P Polar air mas 
P mod—modified polar 
I tropical 
I mod moditied tropK il 
m T-—maritime tropical 
14 of 19 colonies came from one filter 
?6 of 7 colonies came from one filter 





unting 
Cladosporium no « 
said to abundant. The order of trequen 
Pullularia (2.3), yeasts (2.1) Penicillium (1.0) 
phylium (1.1) with other tung urt 
(TABLI Nor sporulating colon 
order of frequency (0J.<’/e) their magnitude 
the arct (12). 
an attempt 
tained 11 
Ve 
heen included in this ta (uantitative cal 
( ladosporium Ili ia. Stemphvliunm, Pen 
tinomycete yea ‘ullularia,. and Pusarim 
referred to in TAB are grouped under the heading 


d nonsporulating Jlonies are also included 


discrepancies in the ‘ : McGILL-GE ane 


clearly demot1 strated 
(ual titativel Cladosporium rang 
McGill-GE. sample 
was either mod! 
(ladosport 
latter 
referred to above 


tern Atlanti 


(TABLI 

all air 1 

in one tre 
all but one 


air Mma 





roo 0 
roo 0 


INA] NI SdlWl OLLNY ILVSNVUL OMI NI 
1INO'1TIOO WOW LOOA DIMOND Wad ION} 








42 MYCOLOGIA, Vor 


Stemphylium, Penicillium, Aspergillus, Actinomycetes (Streptomyces) 
and Fusarium are characterized by low concentrations and rather general 
distribution in the air masses that were encountered. In addition to the 
above, the following fungi were occasionally present but in insufficient 
numbers to calculate on a cubic foot basis: Botrytis, Papularia, Oospora 
Phoma, Helminthosporium, Cephalothecium, Zythia, Trichoderma, V es 

ticilium, Spicaria, Sporormia, Nigrospora, Cephalosporium, Spha 

ronema, Contothyrium, and Chaetomium 

There was very little indication of correlation between genera 

air masses. Cladosporium, for example, constituted 69.5 and 83.3% of 
the polar air and 75.0, 54.0, 83.0 and 87.4% of tropical air massé 

(Taste 1). Alternaria, yeasts, Botrytis and Penictlium were more 
abundant in tropical air than in polar air: th 
and 11.5%, 17.7 and 9.5%, 7.4 and 5.7%, and 8.3 and 6.9% in tropical 


QOS 


ese genera constituted ] 


and polar air masses, respectively On the other hand, Stemphylium 
Pullularia, Fusarium and Papularia were more numerous in polar air 


constituting 14.5 and 12.0%, 3.8 and 0.9%, and 7.2 and 1.2% of the 


respective polar and tropical air masses Sporormia was found only 


“yr 


in polar air, confirming previous observations concerning its northern 


range and arctic habitat (12) 


SILICONE SLIDE STUDY 


Because previous work (13) had indicated that large numbers of 
fungus spores were sometimes present in the atmosphere, silicone slides 
were periodically exposed in the slit sampler (Taste III). The num 
ber of spores per cubic foot varied from 0.2 in polar air over the « 
to over 500 in modified tropical air over eastern Canada. Ove 
ocean, polar air had much lower numbers than tropical air; for 
between Keflavik, Iceland, and Greenwood, Nova Scotia, over the 
ern Atlantic, one slide was exposed in tropical air, and two in polar 
giving readings of 15.1, 0.56 and 0.4 per cubic foot, respectively 

Cladosporium spores were the commonest type of spore on the 
slides, as' might be expected from the plate counts (TABLE I), appearing 
on all but 2 slides and constituting as much as 80% of the total. Over 
the ocean, numbers varied from 0.7 per cubic foot in polar air to 9.0 pet 
cubic foot in tropical air. The spores were commonly in clumps or 
groups. m one slide exposed over the western part of the Atlanti 
there were groups of 18, 7, 4, 2, 2, all within a small area on the slid 
llternaria spores were found on 17 of 25 slides, with a high of 1.8 per 
cubic foot in tropical air over England; in polar air they were either 


absent or low in numbers, not exceeding 0.1 per cubic foot 
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pre 
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were occasionally ohse ved 


pore . T 


The commonest pores ¢ the 


! 
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ticularly true air over 
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per cubic fect and yellow-! 
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Hyphal fragment 
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high number singh 
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were pre ent 


in trop. In concentrations up 
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tiaceous and were frequently 


Terminal sections of hore 


conidiop 


entire conidiophore present 


obs« Tve 


4 
Was 


clump of conidiophore 

Pollen 
most abundar 
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exceed 0.7 pe cub 


grains were present ¢ 
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loot over 


obtained over 


Ca 


with the 
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‘TABLI comparison has 
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Ol lides 


formation on plates exposed at 


gave readings which were 


] 
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are several factor involved in this « 


t 
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ores were most 
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] alr, wl 


Engl 
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des an 


irregular 1 


iSSES general thei 
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nd in August 
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of the Alternaria 
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the slides y \ sed gives higher readings 

ampler in | plates were exposed, a 

earlier; fun; ores were often present in th 

individuals | g CO 1 the slide, wherea 

colony would probably develop; many of the tung sp were either 
dead or were unal to grow on the medium used adosporium 
jlternaria and ve: were chosen for comparison ; h erow well on 


our medium and can be identified on the slides : , ese fungi 


were more numerou he slides than in the pl: Cladosporiun 


LABLI 
OF VIABILITY BY COMPARISON OF FUNGUS 
EXPOSED IN THE SLIT SAMPLER AND COLONIES PRODI 
EXPOSURE OF PLATES (PL) IN THE McG 


trop 


mod 


illustrates this well, as it was sen 1 all but t 


cubic foot, whereas the high concentration in 


cubic foot. and three plates had no Cladosporium colonic 


lternaria and yeast were similar except that they were 


centration and colon were present in but a single pla TABLE I\ 


tl loss in viability of fung ”) wl alr 
ing in 

Polar air usually had low numbers of fungi both on the plate 
Il) and slides (TAsie Ill). Tropical air, on the other hand 


had high numbers of spores, but over the ocean only a tew were 
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develop into colonies (Taste IV, lines 3, 8). Maritime tropical 
(Taste IV. line ®) had much lower numbers, due to its origi 
water. The air mass which covered eastern Canada on August 29 
a load of fungus spores (TABLE IV, bottom line) that was higher 
any exposed in any previous aerobiological work, yet the colony cou 
were very low and yeasts which constituted over half of the spores 

not represented by a single colony on the plates. This air mass had beet 
identified by the meteorologists as polar, because of its southerly flow 
and other characteristics. The plate count seemed to confirm this 
identification also. Later when the slides were read and the remarkabl 
high spore load was discovered, the identification was revised 

was considered to be tropical air of continental origin that hi 

into the Arctic and was now moving southeast. The failure of the 

to form colonies indicates that they had been in the air a long time and 
had lost their viability. The value of the slides is clearly illustrated here 
since it revealed an unexpectedly high load of fungus spores and esta 


lished this air mass as tropical in origin rather than polar 


DISCUSSION OF RESULTS 


There was no evidence of gradual diminution of organisms 1 


over the ocean as distance from land increased. The data from the twe 


, 


transatlantic flights reported here indicate rather that the number 
fungi in the air over any given part of the Atlantic Ocean depends not 
upon its proximity to or distance from land but upon the kind of aur 
mass and the length of time the fungi have been in the air. TI! gril 
cultural lands of North America appear to be the chief source 
borne fungi (12) and tropical air which passes over them carri 
highest loads. When such air masses move northward, they ma 
lost much of their spore load by precipitation but may still cart 
stantial numbers of organisms, particularly fungus spores. Pady 
Kelly (13) found that in the Arctic a tropical air mass over Hudsor 
had a fungus spore load as high as 78.0 per cubic foot, of which app 
mately one per cubic foot was viable, while in polar air north 
fungus spores were 1.17 per cubic toot, and the viable fungi in the 
varied from 0.01 to 0.4 per cubic foot. 

Because westerly winds are dominant over the Atlantic Ocean, 
not unusual for air masses which have reached arctic regions to mo 
eastward out over the ocear Samples taken in this air would be ¢ 
pected to be somewhat similar to those taken in the Arctic but witl 


somewhat lower numbers The data prese nted here provide support for 
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Cladosporium as spores on slides than as colonies in the agar plates, 
nis 


which indicates that many of the spores were no longer viable TI 
would suggest that there is a time factor involved and that a significant 


viability ratio could be worked out. lor example, in Cladosporium the 
ratio between total spores and viable spores as determined by the forma 
tion of colonies in the tropical air mass over eastern Canada on August 


29, is 11:1, while in the tropical air over the eastern Atlantic o1 ‘ 


same trip, the ratio was 31:1 Qn the other hand, Alternaria was 


present on 7 of the 10 slides in the 10 air masses selected in Taser I\ 


uo 


but in only one air mass were there any viable spores and that over Ing 
land in August where the viability ratio was 14:1. It would be desir 
ble to know if there are characteristic viability ratios for the air-bort 


fungi 
The presence of sterile nonsporulating colonies was a characteristi 


feature of the fungi obtained in arctic air (12) and appears to be also for 


those obtained in transatlantic air (TAsp_e 1). These colonies make 
good growth but fail to produce conidia or any other reproductive struc 
tures. Iven Cladosporium appears to be affected, as there are man) 
colonies of what appears to be typical Cladosporium ut without conidia 
It would be desirable to determine what factor or factors are resvonsible 
for this failure to sporulate 

Stakman (17) has pointed out that there is very little evidence r 
garding effective dissemination across ocean barriers and that there 
no evidence of effective interchange of inoculum across the Atlantic 
tween Europe and North America. The dominant westerly flow of 
over the northern part of North America and the Atlantic Ocean wor 
effectively prevent such an interchange of inoculum. It would 
however, prevent a successful west to east passage and the evidence 
ented here indicates that fungus spores successfully make these one 


crossings 
SUMMARY 


Kk xposures were made over the Atlantic Ocean on two tra 
flights in June and August, 1951, from Montreal to Londor 
using the MeGill-GEk, slit, and filter sampler Nutriet 
exposed in the MeGill-GE sampler and plates and silicon 


slit sampler Dilution plates were made from the filters 


Cladosporium was the commonest fungus, comprising 4108 
of the total Nonsporulating, A/ternarta, Pullularia, yeasts, P% 


Botrytis, and Stemphylium constituted 3.2, 2.6, 2.3, 2.1, | 


f 


1.1% of the total colonies. The following eighteen additional 





19 
were present: Papularia, Fusarium, Actinomycetes (Streptomyces 
Ispergillus, Oospora, Phoma, Helminthosporium, Cephalothecium 
‘ythia, Trichoderma erticilium, Spicaria, Sporormia, Nigrospora 
Cephalosporiunm, Sphaeronema, Coniothyrium, and Chaetomium 
(uantitatively the fungi were determined o1 
air ranged from 0.01 to 0.1 per cubic foot with the 


( ladosporium in polar 


MeGill-GE sampler and 0.14 to 2.4 per cuvic foot with the slit 
in tropical air numbers were higher, reaching 7.8 per cubic foot in on 
air mass over the western Atlantic. Cladosporium herbarum was the 
commonest species. C. cladosporioides and C. macrocarpum were tound 
occasionally. The remaining genera were less than one per cubic foot 
Fungus spores were determined from silicone slides 
shit samples [he number varied from 0.2 per cubic foot in polar air t 
529 per cubic foot in modified tropical air. Cladosporium spores we 
10st abundant, having concentrations up to 9.0 per cubic foot 


eral, the same fungi were obtai mn the slides a 


for smuts. Chlamydosy 


7 slides witl 

Many of the fi 

ments, and oftet 
exposed in tropical air 


The evidence indicates no gradual diminution as distance from land 
Cec } hz mt re > « | ; | . +] e ¢ | 
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ENDOGONE IN CANADIAN RODENTS 


it to the Farlow Herbariun 


awrence White sh wed tl autl 








DowDIN« 


autopsy. These are the spores mentioned above which Dr 


of Harvard identified as :ndogone. 
Later, Miss Betty cker, Dr. Jellison’s departm«e 
found masses of similar 


sonal communication s 
um of mice, Peromycus maniculatus, and chipmunks, 


the trap line of Mr. Lowell 
Lincoln Co., Montana, and that when Dr. W 


> | 
Biologist, | 


he pronounced them kindogone pr res 
New York, yntana ané lask: 


Since small animals in Kansas 
rodent 


Endogone, the st irises whether or not Canadiar 


I 


ve a similar diet 


SPOROCARP FRAGMENTS IN ALBERTA 
In July and August, 1953, under the direction « 


t] Field Survey of 


Provincial Division of 


eleven specimens of deer-mice, 


50 miles west of Edmontor 


Peromy us man 
Wa trapped in an ; a mm 150 


direction, and the remaining from 200 


miles in the opposite 


miles southeast of tl The stomachs of every 
mice contained n black grains about 0.5 mm in diameter 


1). Examination proved them to be fragments of sporocarp 


gone fasciculata Thaxter. 

Dr. J Kk, Moore of the Department of Zoology then drew my atten 
tion to a fungus in the stomach « two grasshopper mice 
Onychomys leucogaster, about 300 mile outh « 


Edmonton. The same fungus was e animal 


Dr. Moore then submitted 


had collected throughout Alberta from are: 


the tomac 


small animals th: 
including 


on the map 

per mice, jumping 

rabbits The stoma 

| fasciculata wi: l i la rare 
of Alberta 


from the southeas 
outhern Rocky 


; ? 


princeps, collect from the 


/ 
Henn. was found in the stomach of a Rocky Mt. jumping 


princeps, from a mountain near Banff 


Endogone 
from straw ; all 
from grasshopp 


7 gOspore al 


others. 200 





heetle 


\Iberta, squirrels collect piles 
branche ot tree Mice and quirre] 
fungi Professor R. F. Shaner, of the 
observed four-foot high piles of / 
quirre] imilarly, burrow1 


minute /:ndogone sporocarp 


Che identifica I l:ndogone fasc1 
ing clusters of chlamydospores, together 
fragment (Fic. : kk. fasciculata ji 
sphagnot lula \t] W | | 


The grains of this species from 


posed of loose tuits of coarse brown bra 

eptate, bearing masses of spores in gra 
The chlamydospores are spherical o1 

in diameter (35-100) than Thaxter’s spore 

wall reaches the remarkable thickness of 10 » 

exospore and a thick amber-colored striated e1 


In an animal's digestive tr: 


, 


quently torn from the sorus. Sucl 


cribed them, “like balloor 


pore and its sporophor 
he 


he point of attachment the 


the cell lumen, leaving only a narrow 


mtinues down th porophore for 30 
normal thickne 


- 
two chlamydospores 


mne spores have broken off g 
talked. Such spores 1 


I may have peen pecomi 


eminated naturally at the time they were eate1 


[he zygospores are irregularly elliptic (Fic 
measuring about 84 «15 


uw, considerably larger tl 
himself describes as being immature 


' 
me fasciculata } 





genera (3, 6) 





VM YCOLOGIA 


“LYNTON 


. 
, 


fOMONT OM at 
“~~ a 
dwenay MOw te {yO 


sa ocamnose 
45°08 WOME Mm 


romong—S 
fecavtce esrerrcaa— 
j \ 

pee Sf” } 


a 4euwst@ { 


« 
ORUMAMEL LER 


Aaah #o, 


i 
Plscaray 
4 ( t 
van 
* vem ¥ 
¥ 
‘ 
LEGEN ” mt bicme | 
D oy » wa war 
( os 
S/TE OF COLLECTIONS OF | a oe ane 
. pr \ Pie? td 
ROOENTS W/TH ENDOGONE . es atiiees Oo A 
SPORES iN STOMACHS —— 
wirearon war 
we @ 2 -7) 2 \ onan 





\ cawofon AEE 
nla 


Z 7? 


Seale of Milas 


[he distribution of Endogone in Alberta rodents 


In September my assistant, Miss Arline McMicking, gathered hi 
fuls of straw from a field just outside the laboratory \fter washing 
in water she examined the sediment Che first day she discovered tw: 
thick-walled spores each measuring 60 » and on the following day, fron 
straw from the same area, she found two more That these spores art 
those of Endogone fasciculata can be seen from an examination of F Ic 
? It is obvious, then, that the fungus must be a common one in Albert 
Since the field is in parkland country twenty miles away trom at 


miu keg, the spores on the straw could scarcely have come trom truit 





re likely that 


because the 


The author ‘ : her 


preparing the unstained permanet 
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WOOD-STAINING FUNGI ASSOCIATED WITH 
BARK BEETLES IN ENGELMANN SPRUCE 
IN COLORADO 


piceaperda j 
perda Hoplh 
Since the imperiect 
graphim (14) it 


Grosmannta as 


area 


minor 





Leptographium engelmanii 
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mum aliquantus attenuata 
4-5 X 2-3.5 4 
Hab.: in ligno et cortice Piceae engelm 


1 
( olorado 


Conidiophores abundant, forming a dense gray growth over the 
face of light to dark gray stained sapwood or in dense masses in ins 
tunnels or arranged in layers on walls of pupal chambers, often in groups 


= 





Bom 


Leptographium engelmanni \. Grou 


of 2 to 4 from the same basal hypha, brown, sometimes branched, 40 to 
250 p long by 3 to 7 » thick; conidia on penicillate branches and forming 
mucillagenous mass on tip of conidiophores, hyaline, one celled, oblong 

C 


or somewhat smaller at one end, 2—5  1.5—2 4, conidia formed direct] 
on hyphae somewhat larger or about 4-5.5 « 2-3.5 p 


Growth on 2 per cent malt agar medium about 40 mm diameter 
to “Mouse (ora 


days at room temperature “Saceardo’s Olive” 





DavipsON : Woop-STAINING 


with raised, medium dense growtl 
partly obscuring the substratum 
On sapwood and bark of Picea engelmannu Parry dying fron 
by Dendro fonus engelmannt pk bark beetle s, White River 
Forest, Colorado, Grand Mesa National Forest, 
National Forest ne: Steamboat »prings, ¢ olorado, in 1945, 1947, 1950 
1951, 1952, and ype F.P. 7 


national fungus collections, Plant Industry Station, Beltsville 


(Type dene ited mm othe 


) 


land ) Also 1S¢ lated ! stained sapwood of Pin 
attacked by D. engelma 1 in White River National Fore 


OTHER SPECI! 


Perithecia belonging t | fami pi tomata 
been observed in bark and sapwood of Dendroctonus en: 


spruce. Cultures from these perithecia reveal that 


; 


main specie Ss are pre sent } © atorm ot! / ndo onidtopl j 


+? 


coerulescens Miincl har: lly hairy type perithecia of 
species were present i! al 1 ass of t main ents 
galleries of D. engelmanni ai f recently cut sj 
tures are similar in ¢ ‘ scribed 
Lagerberg et al. (7) 
acteristic of EF. coerul 
\ smooth type of perithecium is commonly p nt 1 he entrance 
galleries of D. engelmanni within the first year after the initial insect 
attack. The b: of the perithecia are often embedded i 
with the long necks protruding into tl 
These are usu: nixed with the abundant conidiophors 
graphium, Culture veloped from ascospores reve; 
thecial fungus has a iphium type of imperfect 
of the perithecia in 1 entrance galleries suggests 
associated with D. engelmanni along with Leptograp/ 
sociation has not been by isolations from 
type of perithecial f 1 has been obtained in cul 
adult D. engelmanni and once from an aduit J ps hunteri 
from an Engelmann spruce 
pecies has alse | ] ated from VU onochami 
\dditional inf nati will be needed hefore 
whether the ul defi itely al ociated vit 
The latter two hecial a lescribed 
genus Oph:astoma 


form or variety of £ 











So sewen dhetges f+ ot 3 
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DAVIDSON : Woop-STAINING FUNGI 


Ophiostoma truncicolor sp. nov. Fic. 2, A-E. 
Perithecia atra glabra sphaerica vel subspl aecrica 
ilarum insectorum disposita vel in cortice 


rectisve, 400-1200 4 longis, ad 


laribus carentibus; ascosporat 


225 S00) uw 
superhiciem portict mmet 
curvatis 


ciliis osti 


trudentibus, atris, distortis 


In Cl 


ad apicem 30-50 crassis 
bus emergentes et ixcidam ad apicem rostri confertae, hyalinae 


ellulares, 3-4.2 32”, in hyphis hyalinis 
' 


vel im massis 
1} 


ynnemata plerumque alba, in 


ipicidus synnemat 


20-75 w alta, 10-35 w lata 
tont engelmannmi in ligne 


Hab.: in porticulis 
(olorado 
se sperical or nearly 225-300 w di 


Pe rithecia black, smooth, ba 
insect frass or embedded 


ameter, on surface of main galleries or in 
hark with necks protruding into galleries; 
or straight, 400—1200 » long, 50-75 » thick at base and 30-50 w thick 
tip, with no bristles around ostiole; ascospores in fine tendrils in gel: 

tinous matrix and collecting in sticky mass at tip of perithecial beak, 
‘2x2 2.6 pu, kidney or half-moon haped, with 


necks blac k, crooked, cul ed 


al 


hyaline, one celled, 3 
inconspicuous gelatinous sheath, germinating in 20 to 40 hour 


Ol cor 


meal agar. 


Conidia hyaline, 17 »9_29 on 


one celled, broader at one end, 4 Kb a ph, 


on top of synnema (Graphium 
with black stalks, variable 1 
wide 


wet white masses 


synnema mostly white, sometimes 
but mostly small and short stalked, 20-75 p high by 10-35 p 
Cultures white at first, turning light gray to dark gray after 7 day 
growth about 28 mm diameter on malt agar in 5 days at room tempera 
ture. 
In galleries of Dendroctonus engelmannit Hopk., which were attack 
and killing Picea engelmanni Parry. On Arapaho National Forest 
collected March 1953 ( ype K.P 
Pa 


ing 
southeast of Kremmling, Colorado 
/! infested logs collected near Rabbit | 


70792) and from beetle 
Colorado, February 1954 
Fic. 3, A—D 


Ophiostoma bicolor Davidson & Wells, sp. nov 
Perithecia subrosea usque pallide brunnea, sphaerica, 240-360 in diat 


tri 00-1200 w ve im 50-70 » 


tro-brunneis usque 1 longioribus, ad bas 
18-40 # crassis, cil laribus carentibu ascosporat 
filis irregularibus ne confertae, in ma 
pauca In hyphis 


se tunicata 


invasae, Color: 


isolatun 
Base of perithecium light pink to light brown, spherical, 240-360 p 
diameter, necks dark brown to black, variable in length from 500-1200 ,» 
ometimes longer, 50-70» thick at base and 18-40, at tip, with nm 
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of perithecial neck 





DAVIDSON : Woop-STAINING FUNG 


1 


bristles around ostiole; ascospores collecting at tip of perithect 
in irregular filaments or globules, yellowish in mass, be 
x 2 5 4 ph, hyalin 

Only a few conidia seen, apparently formed direct! 


1 to cylindrical, 5-12 k 3—5 p, hvyali 


riable in size, ovo 
\scospore cultures grow about 50 mm in diameter nm 
vr hyaline at first, usually turning light to dark gray or brow 
days but sornetimes with very little darkening; hyphae 
brown, up to 10, diameter and with right angled br 
tart to develop in 2 weeks and mature in 3 to 4 weeks ; the 
may be stimulated by other fungi such as Penicillium sp 
Isolated from: /ps huntert ? and Dendroctonu 
from Dendroctonus attacked Picea engelmanniu Part 
near Steamboat Springs, Colorado, July 
KeP. 70711) \lso isolated from Won 
wsamea in 1952 and studied 
Science Ser ; awa, Ontario, Canada 
DOCONIDIOPHORA COERI ; incl 


It eetle galleri ] hy and on ends of Ik 


Dendroctonus engelmannti KK, attacked spruce 


Parry) trees, \rapal southeas 


March 1953 and February 1954 


Dist 


j 


Ophiostoma fruncicola 3 imilar 
shi) Mathiesen (1, 9) Chere seem to | me difference 


ut gener 


ascospores, CO of cultures, and size of conidia bt 


are similar Bakshi states that his species ha 


stage but his description and illustrations indicate 


a Graph as and do not belong 


It appeal! 


Opliostoma bicolor is distinct 
It could possil be an albino f 
perithecia, and iidial stage differ 
with this speci 

The E:ndoconid phora coerul en 

form (3) nidia are much Ie 

hhophores are narrowet 
|_Lage rberg et al (7) al d col idia are maller 


nd size ( oni 


oerulescens 1s an extremely variab pec 0 


tical to describe and typify all varieties and forn 
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SUMMARY 


Four species of the Ophiostomataceae have been found associated 
with Dendroctonus engelmannmi Hopkins in bark of dying Picea engel 
mannu Parry in Colorado. Leptographium engelmanniu, the perfect 
stage of which has not been observed, is the most prominent and most 
consistently associated species, and is described as new. It causes a 
conspicuous stain in the sapwood of the insect-attacked trees. Ophio 
stoma truncicola, described as new, is frequently present in main galleries 
of the beetles. Endoconidiophora coerulescens Munch. is also sometimes 
present in the galleries and on sapwood of logs cut from beetle infested 
trees. The fourth fungus, Ophiostoma bicolor Davidson and Wells, de 
scribed as new, has been isolated once from D. engelmanni adult beetle 
but was obtained from other sources such as ]ps huntert ? and Mono 
chamus scutellatus (in Canada). All of these were obtained from bark 


beetle infested Engelmann spruce in Colorado except that the latter 


species (O. bicolor) was also obtained from Canada and from other 


hosts 


Forest INSEcT AND DISEASE LABORATORY, 
Rocky MouNTAIN Forest AND RANGE EXPERIMENT 


Fort (OLLINS, (OLORADO 
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NEW SPECIES AND VARIETIES OF 
ASPERGILLUS 


y I. FenNew AND KENNETH B. RAPER 
(with 8& FIGURI 


During the nine-year period since the publication of the “Manual of 
the Aspergilli” by Thom and Raper (1945), the writers have continued 
to make isolations of Aspergillus from soil and other natural sources 
During this same period, collaborators in this country and abroad have 
ubmitted for identification many cultures isolated in their laboratories 
Many interesting strains have been encountered, and a number of these 
eem to differ sufficiently from previously known species and varieties 
to warrant their description as new. The purpose of the present paper 
is to acquaint other mycologists with these hitherto undescribed fungi, 
and, in so doing, present a more complete picture of the abundant and 
cosmopolitan genus Aspergillus as it occurs in nature. In some 
ure, this communication may be considered as a supplement 
Manual 

Cultures isolated in the laboratory of the Culture Collection Unit, 


Northern Utilization Research Branch, were obtained from soil-streak 


plates on hay-infusion agar as described by Thom and Raper (1944). 


subsequent to their isolation, all cultures were grown upon a_ wide 
variety of agar substrata and at different temperatures of incubation 
The following agar media, previously recommended (Thom and Raper, 
1945; Raper and Thom, 1949), were utilized in the comparative es 
amination of new isolates and representative strains of recognized spe 
cit (zapek’s solution, high-sugar Czapek’s, steep-enriched Czapek’s 
malt extract, potato dextrose, corn meal, and hay infusiot \dditionally, 
trains which failed to produce abundant conidial structures were grown 
upon a very concentrated agar medium (40.0 per cent sucrose, 2.0 per 
cent malt extract, and 0.5 per cent yeast extract) recommended by 
Harrold (1950) for cultivating species of Eremascus 

In so far as possible, species and varietal descriptions are based upor 
cultural characteristics and details of morphology as these are exhibited 

Present address, Pioneering Kes. Div. QM R. & D. Center, Natick, Ma 


Present address, Professor of Bacteriology and Botany, University of Wis 


onsin, Madison, Wisconsin 
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on zapek’s solution and malt extract agars Where enhanced ce 


ment of conidial structures has been realized upon other 


dese riptior . ncorporate data obtained from these source 


Color references are based upon plates in Ridgway 


‘ 


ards and Color Nomenclature” (1912) 


Aspergillus paradoxus sp. nov 
Coloniae in agaro Czapekiu rapide 
is pallick 


cducentes re 


idato flav 
capitula onidiophoris fragilibu 
tenut-tunicat 


inflatae ubclavatas 


rumque 10-12 
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5“; conidia ovoidea, subtiliter echinulata, 5.5-6.5 X 4.0-5.04; massae compactae 
cellularum rotundarum, crasse tunicatarum plerumque 250-4504 in diam., com 
parative firmae, subsclerotioideae, in partibus coloniae in numero variabil 
productae 


In culturis e fimo ferae marsupialis “opossum” dictae, New Zealand 


Colonies on Czapek’s solution agar (lic. 1A) at room temperaturs 
(24° C) growing rapidly, 7-8 cm in 10 days to 2 weeks, with margin 
entire or somewhat dissected, quickly developing as a deep flocculent 
mass in light yellow shades near Marguerite Yellow to Primrose Yellow 
(Ridgway, Pl. XXX), bearing limited to fairly abundant conidial struc 
tures primarily from the submerged mycelium. Conidial heads de 
veloping tardily, small, very pale blue-green in color, seldom influenc 
ing the pigmentation of the colony; reverse and agar in bright yellow 
orange shades near Lemon Chrome to Aniline Yellow in age (Ridgway, 
Pl. IV); odor very pronounced, penetrating, suggesting that of a root 
cellar; exudate limited to abundant, in clear yellow shades. Conidial 
heads loosely columnar, up to 150-200 x 75-100 4, commonly smaller, 
borne on long, frail conidiophores, which collapse quickly upon exposure 
to air and in mounting fluids ; conidiophores variable in length, commonly 
from 1-2 mm but sometimes up to 1 cm, strongly phototrophic, thin 
walled, delicately roughened, several times septate, commonly 12-29 pu 
in diameter, terminating in vesicular areas showing only slight enlarge 
ment (Fic. 1C); vesicles 15-25 p, seldom larger; sterigmata in a single 
series, limited in number, variable in size, commonly 10-12 X 3.5—5.5 yp, 
borne only on the terminal portion of the vesicular areas, with tips often 
incurved and producing conidia in a loose column; conidia ovoid, deli 
cately echinulate, 5.5-6.5 k 4.0-5.0» (Fic. 1C). 


Compact masses of rounded thick-walled cells (Fic. 1D) enveloped 
by interwoven sterile hyphae are characteristically produced in greater 
or lesser abundance, oftentimes concentrated in limited sectors and pro 
duced more abundantly at elevated temperatures, commonly 250-450 pu 
in diameter, comparatively firm, constituent cells, variable in size 
parenchyma-like, representing neither hulle cells nor the heavy-walled 
sclerenchyma-like elements of true sclerotia as seen in the Aspergillus 
niger and other groups. 

Colonies on malt extract agar (Fic. 1B) growing rapidly as on 


Czapek’s but tending to produce less flocculent mycelium; “sclerotia” 


produced in somewhat greater abundance. Pigmentation of colony 
and reverse in yellow shades but less brilliant than on Czapek’s agar. 
The binomial A. paradoxus is chosen because of the conflicting struc- 
tural characteristics which are not consistent with those of any one cur- 
rently recognized group of Aspergilli. 
Type strain, NRRL 2162, was received in January, 1948, from Dr. 
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J H. Warcup, University of Cambridge, England, as his No. A-28 
lated from oppossum dung, Wellington, New Zealand 


Aspergillus paradoxus represents an enigma Its true relationships 


remain in doubt Although the conid 


> 


ial heads most nearly approximate 
those of A. clavatus Desm., they differ strikingly from typical isolates of 
this species. However, occasional strains of the latter species have beer 
encountered wherein the conidial heads rather closely approximate thos« 
of A. paradoxus in pattern and dimensions. Strain NRRL /, originall) 
from Professor Westerdijk, represents such an example and is discussed 
and illustrated in the “Manual of the Aspergilli” (Thom and Raper, 1945 
pp. 94-95, Fig. 22) 

The conidiophores of A. paradoxus are longer than those 


known strain of A. clavatus They are, however, exceeded in 


1 


by A. giganteu 


e other recognized member of the A. clavatus grou 


In spite of the similarities noted above, we find it difficult to assign 


parudoxus to the A. clavatus group since it produces conidiophore 
which are delicately roughened and, more particularly, since it produce 
abundant and conspicuous masses of rounded, thick-walled cells that 


superficially resemble sclerotia The species is represented by the typ 


train only; it is hoped that additional cultures will be encountered and 
that examination of these will provide additional criteria which will 
clarify the true relationships of this disconcerting species 


Aspergillus aureolus sp. nov 
Coloniae rapide in agaro Czapekii crescentes, leni radiatim furcatae 
zonatae, flavac capitula ce nidica pauca pallice 


rentes rso flave xsudato abundant 


iniseriata, contert 

diam., subtiliter 
350 # in diam., palli 
omposito ascl ‘ ‘ globosi 1 ovoid / in dian 
yalinae lent iperh 
nspicue echint 


In culturi 


Colonies on apek’s solution agar (Fic. 2A) spreading rapidl 


7.0-8.0 cm » 2 weeks at room temperature (24° C), cor 
sisting of a f: h basal felt overgrown by a loose flocculent 
mycelium, what radially furrowed at colony center, slightly zonate 
mium Yellow (Ridgway, Pl. IV) at colon , producing very 
conidial heads, lig! jlue-green in color and not affecting the colony 


margins white becoming Maize Yell hrough Apricot to Light ¢ 
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appearance, perithecia produced throughout the colony but most abund 


antly in submarginal areas; reverse in conspicuous yellow shades, rang 


ing from lightly colored to Yellow Ocher and Ochraceous Orange near 
Dresden Brown (Ridgway, Pl. XV), becoming brown in age and under 


Fic. 2. Aspergillus aureolus; NRRL 2244 { and B, Colonies on 
solution and malt extract agars, respectively. C, Conidial head showing « 
sterigmata in a single series, X 1070. J), Asci and ascospores, the latter with two 


prominent equatorial crests and convex surfaces conspicuously echinulate, 1160 
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areas of heaviest perithecial development ; exudate clear, fairly abundant, 
embedded in the mycelium in rather large droplets ; odor not pronounced 
Conidial heads (Fic. 2C) borne on short conidiophores from aerial 
hyphae, loosely columnar, about 25-30, in diameter; conidiophore 
somewhat sinuous, short, commonly less than 50, in length, 2.5—4.5 » 
in diameter, smooth-walled, uncolored to slightly greenish in terminal 
areas; vesicles flask-shaped, mostly 6.0-9.0, in diameter; sterigmata 
in a single series, rather crowded, variable in size, mostly 7.0—8.0 x 2.5 
od conidia globose to subglobose, mostly 3.0—3.3 p in diameter, deli 
cately echinulate Perithecia globose or nearly so, variable in_ size 
ranging from 175—500 », mostly 250-350 p, pale lemon yellow and sur 
rounded by loose wefts of dark golden-yellow hyphae, easily crushed 
peridium thin and consisting of interwoven hyphae as in A. fischeri 
asc! (Fic. 2D) &-spored, globose to ovoid, 10-12 diam.; ascospores 
(Fic. 2D) hyaline, lenticular, with two prominent equatorial crests and 
with convex surfaces conspicuously echinulate, 6.0-7.0 « 4.4—5.0 p 


Colonies on malt extract agar (Fic. 2B) spreading broadly, 8-10 


) 


cm in 10 days to 2 weeks, consisting of a loose flocculent mycelium bear 


ing abundant perithecia throughout, in yellow-orange shades from Warm 
Buff to almost Deep Chrome (Ridgway, Pl. III) at colony centers; 
conidial structures lacking or very limited in number and not affecting 
colony appearance; perithecia very abundant and with enveloping 
mycelium imparting to the colony its characteristic pigmentation and 
texture; reverse in orange-red shades near Orange Rufous to Sanford’ 
Brown (Ridgway, Pl. IT) 

Colonies on Harrold’s malt extract-sucrose-yeast extract agar (1950) 
growing well, 2.0-3.0 cm in one week, producing a very dense stand of 
conidial structures which gives the colony a light bluish-green color 
near Glaucous Green (Ridgway, Pl. XX XIII), perithecia not develoy 
ing within two weeks 

The binomial A. aureolus is chosen because of the brilliant goldet 
color of the growing colonies on common laboratory substrata 

Type strains, NRRL 2244 and NRRL 2391, were isolated during 
the spring of 1950 from samples of soil submitted by C. F. Charter, West 
\frican Cacao Research Institute, Tafo, Gold Coast, Africa, and by Prof 
|. T. Baldwin, Monrovia, Liberia, respectively. 

Aspergillus aureolus obviously belongs in the series with A. fischer 
Wehmer (1907) The pigmentation and pattern of the conidial struc 
tures closely approximate those of the latter spect ilbeit they are pro 


duced much more sparingly on most substrata. Perithecia, likewise, 


losely resemble those of A. fi chert in form and texture The \ differ 


markedly from A. fischeri, however, in t pigmentation of the 
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loose aerial hyphae which characteristically envelop the perithecia in 


all members of this series. The ascospores, while showing the general 


pattern of A. fischeri, differ from these in having convex surfaces 


echinulate rather than ridged. 

In their treatment of the A. fischeri series, Thom and Raper (1945) 
recognized only Wehmer’s species but called attention to the presence 
of considerable variation among the isolates which they had observed 
A. malignus Lindt was regarded as probably synonymous with A. fischeri 
Since the publication of the Manual, George Smith, London School « 
Hygiene and Tropical Medicine, has studied and distributed a culture 


| 


which he apparently regards as representing Lindt’s fungus. This 
differs from A. fischeri in its classic and typical form by producing 
fewer conidial structures, a relatively heavier crop of perithecia, a re 
duced amount of cottony aerial mycelium, and ascospores with convex 
walls showing prominent spine-like projections and wide equatorial 
crests which characteristically appear angular when spores are observed 
in face view. Very recently, Yuill (1953) has discussed and illustrated 
a culture (IMI 1/6061) which apparently duplicates the strain earlier 
received from Smith. The character of the ascospores of A. aureolus 
might be interpreted to indicate a relationship somewhat intermediate 
between A. fischeri as described and illustrated by Thom and Raper 
(1945, Fig. 38) and A. malignus Lindt as currently recognized by both 
Smith and Yuill. Yuill has recently described a new species in the 
A, fischeri group, A. quadricinctus (1953), which shows four equatorial 
bands comparable to A. quadrilineatus in the A. nidulans group. Thus 
it appears that the A. fischeri series, like the A. glaucus and A. nidulans 
groups, represents not a single species but a complex of ascosporic forms 
wherein species differ one from the other in habits of growth, ascospore 


patterns, etc. 


(ASPERGILLUS FISCHERI var. glaber var. nov. 

A typo differt peritheciis minoribus et superficiebus convexis ascosporarun 
levibus. 

Colonies on Czapek’s solution agar essentially duplicating those 
the species, with texture and pigmentation dependent upon the relative 
abundance of perithecia and conidial heads. This relationship varies 
with the strain and the temperature of incubation. Conidial heads 
typical of the species and produced more abundantly at elevated tem 


peratures. Perithecia abundantly produced throughout the colony or 
concentrated in localized areas or sectors, globose or nearly so, mostly 
150-200 » in diameter ; asci 8-spored, typical of the species; ascospores 
lenticular, uncolored, with two prominent equatorial crests and with 





convex surtiaces smoot 


l UO 1.5 i wide 


l ype Strain, NRRI 105. wa 
Prot. G. W. Martin, University of lowa, 


rubber scrap from old tires. The species 


392, received in September, 1952, from Dr 
ultural Research Institute, Adelaide, South Austr 
SA 14, isolated from garden soil Chis latter str: 


type in producing less-rapidly growing colonies and 


— 


g 
omewhat smaller, 5.5-6.6 x 4.4-5.0 yn, with narrow 


separate d crests 


Aspergillus violaceus sp. nov 


(oloniae nonnihil rests 
mpositas et perit ecila 
hy 


erse unnes odore pat ri 


pa 
rlobosa 1 subglobosa. 100-2004 
nvoluta 
ilde violac 
U-A; tructification 
parsae, parva 1 ine conidiophorae | 


perbrevia 


1 
plerumat 


culturi sol ir occidental} 


Colonies on Czapek’s solution agar (Fic. 3A) at room temperature 
24° C) growing somewhat restrictedly, with thin margin, white, attain 
ing a diameter of 3.0—3.5 cm in 10 days to 2 weeks, consisting of a closely 
felted mycelium, irregularly buckled and wrinkled, commonly splitting 
in colony center, producing abundant perithecia upon and within 

mycelial matrix, ranging in color from lilac to violet-gray 


way, Pl. LIL): reverse in brownish drab shades ( Ridg 


odor negligible. Conidial structures not observed. VPerithecia 
forming an almost continuous layer at intercolony margins and wit! 
the older colony areas, globose or nearly (Fic. ; variable i 
ranging from 100-200 », surrounded by a loose 

ind interwoven hyphae ; asci (Fic. 3b) 8-spored, 

12-14 x 10-12; ascospores 

lenticular, with two very low 

echinulate, with roughening 

5.5-6.5 K 4.0—5.0 p 


Colonies on mal 
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Fic. 3 {spergillus violaceus; NRRL 2240 1 and B, Colonies on Czapek’'s 


olution and malt extract agars, respectively. C, Conidial head showing double 


series of sterigmata, =X 1070. D, Mature perithecia, uncrushed, with enveloping 
layers of globose hulle cells, * 55. HE, Globose hulle cells, characteristic of this 
species and other members of the A. nidulans group, * 580. F, Immature asci and 


ascospores with echinulate convex walls and low equatorial crests, X 1160 
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perithecia with a minimum of aerial mycelium, in olive-butf shades 
(Ridgway, Pl. XL) ; odor negligible ; reverse in dull light-brown shades 
Conidial structures lacking. Perithecia somewhat larger than on Cza 
pek’s agar, occasionally up to 300 » in diameter; asc1 and ascospores as 
described above. 

Colonies on hay-infusion agar thin, spreading, attaining a diameter 
of 6.5—-7.0 cm in 10 days to 2 weeks, with vegetative mycelium largely 
submerged and with perithecia abundant but not forming a continuou 
layer. Conidial structures (Fic. 3C) scattered, small and commonly 
fractional, not affecting the colony appearance. Conidiophores arising 


primarily from aerial hyphae, smooth-walled, very short, 30-50, in 


length by 3.0-4.0 » in diameter, somewhat sinuous, thin-walled, hyaline 


or nearly so, terminating in rounded and somewhat enlarged vesicular 


areas mostly 5.0-6.0 », primary sterigmata few in number, borne on the 


upper part of the vesicle only, variable in dimensions, mostly 6.0—7 
x 3.0-3.5; secondary sterigmata about 5.0-6.0 k 2.0-2.5y, bottle 
lorm, bearing conidia in short chains; conidia globose or nearly so, 
light green in color, smooth, or delicately roughened, mostly 2.8—3.3 p 
in diameter. 

The binomial A. violaceus is chosen because of the violet-blue color 
of the ascospores 

Type strain, NRRL 2240, isolated in May, 1950, from a sample of 
soil sent to us by C. F. Charter, West African Cacao Research Institute, 
lafo, Gold Coast, Africa 

Aspergillus violaceus is based upon a single culture which we believe 
differs sufficiently from any previously observed strain of any known 
species of Aspergillus to warrant species recognition We have not 
succeeded in obtaining conidial structures upon the substrata commonly 
employed for the study and identification of Aspergill (e.g. Czapek’ 
and malt extract agars). Nevertheless, the morphology of conidial 
structures, as determined from the limited and generally minute head 
which we observed on hay-infusion agar, indicates that this culture 
represents a new member of the A. nidulans group. Such relationship 
| by the appearance of the growing colonies, by 


the nature of the perithecia with their envelopes of globose hulle cell 


is further corroboratec 


and by the character and pattern of the ascospores 


The ascospores of A. violaceus clearly align thie species with the 

nidulans group. ‘Their violet-blue color and their ornamentations, whic! 
include two very low equatorial crests and conspicuous echinulation of 
their convex surfaces, serve, however, to distinguish them from those of 


currently recognized species. Whereas the pigment of the ascospores 
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in established species of the A. nidulans group changes from purple-red 
e from an alkaline to an acid reaction, the 


to orange-red with a chang 
ascospore pigment of A. violaceus changes from near indigo blue to 


purple under comparable conditions. Under no conditions have we 


observed a red pigmentation in the ascospores of A. violaceus. 


NGuIs Emile-Weil & Gaudin, Thom & Raper emend. 


ASPERGILLUS 1 


The species description presented by Thom and Raper (1939, 1945) 


for A. unguis as a non-ascosporic member of the A. nidulans group is 
emended to include a strain which tardily produces perithecia in limited 
numbers. The sterile spicular hyphae which constitute a particularly 


unguis emend., NRRL 2393, showing two 


Fic. 4. A, Ascospores of Aspergillus 
990. B, Ascospores of A. nidulans 


low equatorial crests and smooth convex walls, 
var. acristatus, NRRL 2394, showing smooth convex walls 


crests, X 990. C, Ascospores of A. nidulans var. echinulatus, NRRL 2395, with 
990 


and entire absence of 


echinulate convex walls and prominent pleated equatorial crests 
distinctive characteristic of A. unguis are produced abundantly by the 
elements of the conidial heads average 


A. 


ascosporic strain. Structural 
slightly larger in this strain but do not differ substantially from 
unguis as previously known. 

Perithecia are sparingly produced and have been observed only on 
malt extract agar, occurring generally near the margins of contiguous 
colonies, globose to subglobose, up to 200-250 p» in diameter, surrounded 
a thin envelope of globose hulle cells; asci 8-spored, ovoid to sub 


by 
about 9.5—10.5 » in diameter; ascospores (Fic. 4A) lenticular, 


globose, 
purplish red, with two low equatorial crests and convex walls smooth, 


about 4.5—5.5 x 3.2-3.5 ph 
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The ascosporic stage has been observed only in strain NRRL 2393 
received in December, 1948, from Dr. Elwyn T. Reese, Philadelphi 
Quartermaster Depot, as No. QM 251 

The discovery of occasional perithecia and ascospores in a cultur 
with the structural pattern and general morphology of A. unguts 
some doubt concerning the validity of this species, particularly when th 
ascospores exhibit the general pattern of those present in 1. nidulas 
We believe, however, that the species A. unguis should be retained, 
least for the present, to include the numerous strains belonging to the 
A. nidulans group which grow restrictedly on many substrata, produc: 
long, sterile spicular hyphae and are commonly isolated from soil and 
from situations indicating at least secondary pathogenicity Strai 
NRRL 2393 should be regarded, perhaps, as transitional between A 


unguis and A. nidulans 
ASPERGILLUS NIDULANS var. acristatus var. nov 
\ typo differt cristis aequatorialibus ascosporarum deficient 


‘ 


i¢ Trip Ta 


Colonies on Czapek’s solution agar growing well at roon 


~ 
~ 


ture (24° C), attaining a diameter of 5.5—7.0 cm in 10 days to 2 weel 
at first white, but becoming Olive Buff with the development of abund 
ant perithecia with envelopes of hulle cells, approaching light grayis! 
olive in age (Ridgway, Pl. XLVI), conidial structures generally dupli 
cating those of the species, very limited in number, not affecting the 
colony appearance ; conidiophores commonly showing conspicuous brow 
ish encrustments Perithecia globose, variable in size from 50-200 p 
in diameter, but generally duplicating those of the speci \scospore 
(Fic. 4B) orange-red in color, lenticular, showing neither equatori 
crests nor surface markings of any kind but of the usual bivalve cor 
struction, mostly 4.5-5.0 x 3.5-4.0 p 

Type strain, NRRL 2394, received in November, 1952, fror 
M. E. Sorte, Wright-Patterson Air Force Base, Dayton, Ohi 
isolate No. 62X from fabric exposed in New Mexico 

The variety differs from the species significantly only in tl 


tion of crest-free ascospores, hence the varietal name 


ASPERGILLUS NIDULANS var. echinulatus var. nov 
A typo differt colore roseo-cinnamomeo a peritheciis numer: 
bus conidicis atque peritheciis majoribus, et superficiebus cor 


manifeste echinulatis 


( olonies on Zape k’s solution agar growling wet I] at room te mp rature 


(24° C), attaining a diameter of 4-5 cm in 10 days to 2 weeks, generally 


duplicating the species in appearance, but differing from it in develoy 
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ing a pronounced pinkish-cinnamon color due to the production of 
abundant perithecia and only limited conidial structures. Heads slightly 


larger than in typical representatives of the species; perithecia sub 
stantially larger, commonly 400, in diameter and occasionally up to 
+50 to 500 »; asci 8-spored; ascospores (Fic. 4C) lenticular, red-orange 
in color, with two prominent pleated equatorial crests about 1.0 » wide 
and with convex surfaces conspicuously echinulate rather than smooth 


Conidial structures produced abundantly on malt agar, evenly dis 
tributed throughout the colony 

Type strain, NRRL 2395, received in October, 1950, from Juana 
Winitsky, Instituto de Microbiologia Agricola, Buenos Aires, Argentina, 
as culture No, M-—J-354. Represented also by a strain isolated in 


\pril, 1944, from a sample of soil received from G. and C. Musku: 


Caracas, Venezuela 


ASPERGILLUS VARIECOLOR var. astellatus var. nov 
A typo differt ascis lobatis, ascosporis maioribu 


ascosporarum angustioribus integris 


This variety differs primarily from the species A. variecolor as dis 
cussed and illustrated by Thom and Raper in their treatrnent of the A 
nidulans group (1939, 1945) by producing ascospores with very wide 
but entire rather than stellate equatorial bands (Fic. 5B) As in the 
species, perithecia are typically borne on pseudostalks consisting of 
mounds of globose hulle cells and interwoven mycelium. Growth on 
Czapek’s solution agar is very sparse with vegetative mycelium largely 


Fic. 5 Ispergidlus variecolor var. astellatus; > CL 2 1, Immatur: 
asc! showing lobed character apparently unique to this speci 95 1s 


spores showing wide, non-stellate crests, X 1050. 
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pergulus deflectus 
olution 
acteristic angle at which vesicles ; 
pigmentation of stalks and vesicles, 
tail, * 1240 


submerged as in the type strain of . tecol NRRL 272, (Thom 
and Raper, 1945). Colonies on malt extract agar, and on Czapek’ 
solution agar enriched with 1 percent steep liquor, grow more luxuriantly 
and produce perithecia in much greater abundance 


Conidial structures and perithecia of the new variety duplicate those 
of the species. The asci of this variety measure 10-13 k 14-18 » and, 


unlike any other recognized ascosporic species of Aspergillus, appear 


conspicuously lobed during maturation (Fic. 5A). The ascospores of 


A, variecolor var. astellatus differ from the species not only in orna 
mentation but in dimensions In A. variecolor, spore bodies measure 
3.6-4.0 X 28-3.0 » with crests up to 3.5 in width, whereas the pore 
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bodies of the variety measure 5.5-6.0y with completely undissected 
crests up to 2.8 p wide 

The nutrient deficiency responsible for the sparse growth of 4 
variecolor var. astellatus on Czapek’s solution agar can be partiall 
corrected by replacing sucrose with glucose as a carbon source. The 
ubstitution of ammonium nitrate for sodium nitrate as a nitrogen source 
leads to increased production of conidial structure 

The proposed name is based upon the broad, undissected equatorial 
crests which characterize the ascospores of the new variety 

Two strains typifying the variety have been examined, bot! 
been sent to us by Prof. G. W. Martin, University of Iowa 
of these, NRRL 2396, was received in March, 1946, as strair 
isolated from leaves (/lex sp. 7) collected on Baltra (South Seymour ) 
[sland, Galapagos; the second, NRRL 2397, was received in June, 
as strain No. 6368, isolated on South Seymour Island, Galapagos 


a dead leaf. 


Aspergillus deflectus sp. nov 

Coloniae restricte in agaro Czapekii crescentes, subzonata 
radiatim furcatae, mycelio lento basali fructificationes conidicas abun 
ducenti compositae, areis centralibus murinis, exsudato abundanti, pellu 
et agaro lateritiis, odore mucido; capitula conidica laxe columnaria, bre 
25-30 # in diam.; conidiophora brevia, subsinuosa, vulgo 50 & 2.5 
rubro-brunnea; vesiculae concolores, rotundatae vel lageniformes 
principalibus ad rectangulam oriundis, 5.5-6.5 in diam sterigma 
primaria 4 5-5 5 2.8 3.3 ‘é, secondaria 4.5-5.5 1.8 2.24 conidia 
ubglobosa, irregulariter asperata, 3.0-3.4m in dian 


In culturis e solo, Brasilia 


Colonies on ¢ Zap k’s solution agar (Fic. 6A) growing restricted] 
{ { 


attaining a diameter of 1.5—-2.0 cm in 10 days to 2 weeks at room ten 


DASA 


perature (24° C), very compact, consisting of a close-felted, tough, 
mycelium, slightly zonate ; margins abrupt, somewhat radially furrowed 
conidial structures abundantly produced, central colony area Mouss 
Deep Mouse Gray (Ridgway, Pl. LI), growing margin near Congo 
Pink (Ridgway, Pl. XXVIII) from admixture of vegetative myceliun 
exudate fairly abundant, clear, embedded in the mycelial mass as small 


droplets, not conspicuous macroscopically; reverse and agar in dull 
orange-red shades near Terra Cotta (Ridgway, Pl. XXVIII) becoming 


brown in age; odor fairly pronounced, moldy Conidial heads evenl 
distributed, broadly columnar, mostly 25-30, in diameter, borne o1 
hort conidiophores from the aerial felt ; conidio s somewhat sinu 
ous, mostly 40-50, in length, 2.5-3.5 4 i a r, smooth-walled 
reddish brown with pigmentation extending icle 


mata (ic. 6C, D); vesicles rounded, fl | Nara 
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borne at or near right angles to the main axes of the conidiophores (F 1c 
6C, D), 5.5-6.5 » in diameter, bearing sterigmata on the uppermost sur 
laces only; sterigmata in two series, primaries 4.5—5.5 kK 2.8-3.3 p 
secondaries 4.5-5.5 X 1.8-2.2 4, often abortive and failing to produc: 
conidia ; conidia globose to subglobose, 3.0—3.5 w, with variable ornamer 
tation, ranging from almost smooth to irregularly roughened ; hulle cell 
not observed. 


Colonies on malt extract agar (Fic. 6B) restricted as on Czapel 
less heavily sporing and with conidial structures obscured by abundant 
loose sterile yellow mycelium, Old Gold to Buffy Citrine in color (Ridg 
way, Pl. XVI). Structural elements of conidial heads generally some 
what larger than on Czapek’s with vesicles up to 8.5 » in diam., second 
ary sterigmata up to 7.5 in length; conidia consistently produced, 11 
regularly and coarsely roughened. 

The binomial A. deflectus is chosen because of the conspicuous angle 
at which the conidial heads are borne on the conidiophores 

Type culture, NRRL 2206, was isolated in April, 1949, from a sampl 
of soil sent to us by Dr. A. Cury, Rio de Janeiro, Brazil 

This species is regarded as belonging in the group typified by 
ustus. In common with that species and closely allied forms, A. d 
flectus is characterized by conidial structures in dull-brown to gray 
shades and conidiophores which exhibit a conspicuous brown coloratior 
\dditionally, pigmentation of the vegetative mycelium of this spect 
on ¢ zapek’s and other media, bears a striking resemblance to that of 


A. ustus var. laevis (Bloch.) Thom & Raper. Thus far we have not 


succeeded in cle monstrating the pre sence of any type of hulle cell on any 


substratum employed. The absence of such large thick-walled cellular 
elements, which are characteristic of the A. ustus group, is outweighed 
by other characters which align it unmistakably with this group 

More than any other single character, the pattern ol the conidial 
structure, which strikingly resembles a briar pipe (Fic. 6C, D), serve 


to distinguish the species 


Aspergillus silvaticus sp. no 

Coloniae in agaro Czapekii bene crescentes, in areis centralibus elevat 
radiatim furcatae, stratum fere continuum cellularum “hulle” dictarum flavidulat 
et fructificationes dice irides producente reverso bubalino usque ro 
exsuc.io hyalino, odor erres capitula conidica radiatim disposita, plet 
200-300 » in diam conidiophoris per stratum cellularum “hulle” pro 


lj 


250-270 » longis, 5.5-8.5¢ in dian glial brunmnescentibus oriunda 


fere globosae brunnescentes, plerumque 14-17“ in diam.; sterigmata. biseriata 


onferta, primaria 5.5 83.3 wu, secondaria 5.5-7.0 X 2.2-2.8 4; conidia glob 


1 


subglobosa, valde fi: viridia, conspicue asperata, maxima ex parte 3.0-3.5 
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hic. 7 Ispergillus silvaticus; NRRL 2398 1 and B, Colonies on Czapek’s 


solution anc malt extract agars, respectively. C, Margin of colony on malt extract 


agar showing masses of hulle cells superficially suggesting perithecia and conidial 


structures arising through the hulle cell layer D), Globose hulle cells, produced 
strain, X 365. E, Conidial head showing a nearly globose, 
} 


pigmented vesicle bearing sterigmata in two series and globose to subglobose, rough 


in abundance by this 


conidia, * 700 
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am.; cellulae “hille” perabundantes, globosae usque subglobosae, plerumque 15 


di 
25 


# in diam 
n culturis e solo, Africa occidentalis 


Colonies on Czapek’s solution agar (Fic. 7A) growing well at room 
temperature (24° C), attaining a diameter of 4-5 cm in 10 days to 2 
weeks, generally raised in central areas, radially furrowed, faintly zonate, 
with narrow growing margins white, shading quickly to Deep Colonial 
Buff (Ridgway, Pl. XXX) with the development of a nearly continuous 
layer of hiille cells; central colony area producing conidial structures 
in a dense stand, in deep forest-green shades near Dusky Yellow Green 
(Ridgway, Pl. XLI); reverse in buff to flesh-pink shades; exudate 
limited, colorless; odor rather pronounced, earthy Conidial heads 
(Fic. 7E) very abundant, borne on conidiophores that arise through 
the hulle cell layer from submerged hyphae, radiate in pattern, mostly 
200-300 p» in diameter, in rich yellow-green shades (see above ) ; conidio 
phores mostly 250-270» in length, seldom exceeding 300 p, 5.5-8.5 p 
in diameter, with walls smooth and definitely brownish; vesicles nearly 
globose, colored as the conidiophores (Fic. 7E), mostly 14-17 » in 
diameter but ranging from 11—19 »w, bearing sterigmata over nearly their 
entire surface; sterigmata in two series, crowded; primaries 5.5—7.0 
xX 2.8-3.3 4; secondaries 5.5-7.0 K 2.2-2.8y; conidia globose to sub 
globose, deep yellow-green, conspicuously roughened, mostly 3.0-3.5 » 
in diameter ; hulle cells (Fic. 7D) very abundant, globose to subglobose, 


mostly 15-25 pu 


Colonies on malt extract agar (Fic. 7B) growing somewhat mor 
restrictedly, 3.0—3.5 cm in 10 days to 2 weeks, basically as an Czapek’ 
igar but less heavily sporing, with white growing margin less conspicu 
us and with hulle cells in the submarginal zone collected into definite 
lusters to produce a granular effect superficially suggesting a culture 
with abundant perithecia (Fic. 7C); reverse in dull orange-brow: 
shades. Details of structural morphology as on Czapek’s solution agar 

The binomial A siivaticus was choser because of the rich sylvan 
green color of the massed conidial heads 

Type strain, NRRL 2398, was isolated in May, 1950, from a sample 
of soil submitted by C. F. Charter, West African Cacao Research Ih 
titute, Tafo, Gold Coast, Africa 

The correct assignment of this beautiful species within the genu 
Aspergillus poses a difficult problem. The structural pattern and get 
eral dimensions of the conidial heads are strikingly suggestive of A 
sydowi (Bain, & Sart.) Thom & Church Pigmentation of the head 
in the two species is, however, markedly different. Those of A. sydowi 


are bright blue-green when young, whereas those of A. stlvaticus are in 
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rich yellow-green shades. Hille cells are produced much more abund 
antly in this isolate than in any of the hundreds of strains of A. sydowi 
which we have examined, but are, however, of the same pattern as those 
occasionally seen in cultures of this spec ies and in A. versicolor They 
are, of course, produced abundantly in A. janus, Raper & Thom (1944), 
which is characterized by heads of two types, one type being indis 
1, sydowi. On the other hand, globose hulle cells are 


tinguishable from . 
nidulans group 


regularly produced by species belonging to the A. 
\dditionally, the brownish pigmentation of the conidiophores and vesicles 
ly similar to the pigmentation of these struc 


in A. silvaticus is striking 
Finally, hemispheric conidial 


tures in A. nidulans and allied species. 
heads of dark-green pigmentation are produced by A. caespitosus, a non 


ascosporic member of the A. nidulans group. It is obvious that plac 


ment in either of the aforementioned groups will necessitate re-evalua 
tion of the group characteristics established by Thom and Raper in their 
“Manual of the Aspergilli” (1945, Fic. 20), and must await a general 


revision of intrageneric relationships. 


\SPERGILLUS TERREUS var. africanus var. nov 
A typo differt corporibus sclerotioideis globosis pallide alutaccis e cellulis 


eparabilibus compositis 


Colonies on Czapek’s solution agar (Fic. 8A) growing somewhat r 


strictedly, attaining a diameter of 3.0-3.5 cm in 10 days to 2 weeks at 
room temperature (24° C), consisting of a rather dense basal felt, 11 
regularly buckled and wrinkled, in bright yellow shades 
Yellow to Citron Yellow (Ridgway, Pl. XVI), developing abundant 


conidial heads somewhat tardily and, like the species, eventually becom 


near Bariun 


ing light brown through cinnamon shades approaching Sayal Brown 
(Ridgway, Pl. XXIX). Conidial heads typical of the species in pattern 
Sclerotium-like bodies (Fic. 8C) produced in limited 


and dimensions. 
numbers, scarcely affecting the appearance of the colonies 

Colonies on malt extract agar spreading rapidly (Fic. 8B), attaining 
a diameter of 7-8 cm in 10 days to 2 weeks; growing margin thin, white, 
largely submerged, mature colony characterized by a dense layer of 
sclerotium-like bodies and interwoven mycelium, at first in 


shades as on Czapek, approximating Deep Colonial Buff (Ridgway, 


bright yellow 


PI 


XXX) at maturity. Conidial heads limited in number, not affecting 
colony appearance. Sclerotium-like bodies (Fic. 8C) in light tan shack 


when mature, globose or nearly so, variable in size but commonly 150 
200 » in diameter, consisting of a compact mass of irregularly swollen to 
rounded cells with walls more or less thickened, surrounded by a thn 
with 


envelope of much-branched yellow mycelium, easily crushed, 
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C D 


Fic. 8 Ispergillus terreus var. africanus; NRRL 2399. A and B, Colony 
patterns on Czapek’s solution agar and malt extract agar, respectively. C, Sclero 
tium-like structures, produced in abundance on malt extract agar, 55. D, Cells 
comprising the sclerotium-like bodies, demonstrating their tendency to separate, 

660 


constituent cells not adherent as in a true sclerotium but tending to 
separate readily (Fic. 8D). 

Type strain, NRRL 2399, isolated in May, 1950, from a sample of 
soil contributed by C. F. Charter, West African Cacao Research In 
stitute, Tafo, Gold Coast, Africa 

The variety is distinguished particularly by the abundant sclerotium 
like bodies produced on malt extract agar and other substrata commonly 
employed in our work. Superficially these bodies resemble true sclero 
tia. However, they are too easily crushed and the cells which comprise 
them are too readily separated one from another to permit their iden 
tification as such structures. They might appropriately be regarded as 
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pseudosclerotia, In any case, they represent the first instance in which 


formed bodies of any type have been observed in the A. terreus group 


No evidence of an ascosporic stage has been seen. 
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SUMMARY 


A great many strains of Aspergillus have been isolated and examined 
since the publication of the “Manual of the Aspergilli” by Thom and 
Raper in 1945. Among this number, strains representing five new 
species and five new varieties have been encountered. The new species 
and varieties are described in the present paper, and include: 


1. Aspergillus paradoxus, doubtfully a member of the A. clavatus 
group, characterized by small clavate vesicles and the production 
of yellow sclerotium-like bodies. 

Aspergillus aureolus, an ascosporic member of the A. fumigatus 
group, characterized by vegetative mycelium in bright golden 
shades and ascospores with convex surfaces conspicuously echinu 
late. 

Aspergillus fischeri var. glaber, duplicating the species in most par 
ticulars, but producing ascospores with convex surfaces smooth. 
(A. fumigatus group. ) 

Aspergillus wnolaceus, an ascosporic member of the A. nidulans 
series, characterized by a paucity of conidial structures and asco 
spores in deep violet-blue shades. 

Aspergillus nidulans var. acristatus, duplicating the species gen 
erally but producing ascospores without equatorial crests or sur 
face ornamentation. 

Aspergillus nidulans var. echinulatus, duplicating the species in most 
particulars but producing ascospores with convex surfaces echinu 
late rather than smooth. 
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Aspergillus variecolor var. astellatus, duplicating the species gen 
erally, but showing lobed asci and producing ascospores with 
wide, non-stellate crests. (A. nidulans group.) 

Aspergillus deflectus, a member of the A. ustus group, characterized 
by restrictedly growing colonies and conidial heads borne at or 
near right angles to the main axes of the conidiophores 

Aspergillus silvaticus, a non-ascosporic form which appears to be 
intermediate between the A. versicolor and A. nidulans groups 

Aspergillus terreus var. africanus, duplicating the species in most 
characteristics but producing abundant yellow  sclerotium-like 


bodies. 


The description of Aspergillus unguis, previously recognized as a 


non-ascosporic member of the 4. nidulans group, is em nded to include 


a strain which produces occasional perithecia and ascospores approximat 


ing those of A. nidulans. 
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INDEX TO THE HELICOSPORAE 


lr. Moors 


Linder (8), in 1929, published his monograph of the Helicosporas 
which included all species known up to that time. Linder delimited 
the genera more precisely than had previous students of the group and 
this necessarily involved the rearrangement of many species in the gen 
era as he delimited them. He also proposed a number of new species 
In his treatment, however, he placed Helicostilbe helicina, the type spe 
cies of Helicostilbe Hohnel, in synonymy with Helicomyces scandens 
Morgan, and designated Helicostilbe simplex Petch as the type of the 
emended genus. Since, according to the International Code of Nomet 
clature, a genus cannot be emended so as to exclude its type, Helicostilh 
Linder is invalid. 1 therefore propose the new name Trochophora (fron 


the Greek Tpoyxds, wheel and dépos, bearer) to replace it 


Trochophora nom, noy 
Helicostilbe Linder, Missouri Bot. Gard. Ann. 16: 333 1929 
Helicostilbe Hohnel 1902 
Type: Helicostilbe simplex Petch, Royal Bot. Gard. Peradeniya Ann 
7: 321. 1922. 


\ new name must be given to the single species designated as belong 
ing to the genus as so emended. ‘The type species, therefore, becomes 
Trochophora simplex (Petch) comb. nov. 

Che main purpose of the present paper is to provide an index to the 
Helicosporae which will include all new genera and species published 
since 1929. It further attempts to correct certain errors that occur in 
Linder’s keys, and in several cases the study of additional material has 


extended the quantitative limits of some species. In his original mono 


graph (8) and his subsequent paper (9) on the genus Helicoceras Linder 


described 76 species distributed through 14 genera. This present paper 
brings the total to 95 species distributed through 17 genera 

It has been deemed advisable to exclude several taxa from the keys 
either because they are not clearly defined or because they do not appear 
significantly different from previously erected taxa. These taxa are 
appended to the respective keys as inquirendae. Also appended to the 


keys are those species which Linder (8) classed as “Species Imperfectly 


Known.” Three other taxa are excluded: Helicostilbe cantaretrens: 


WD 





Moore: HELICOSPORAE 91 


Viegas (16) is excluded because its conidia, as illustrated, are not 
helicospores ; Helicomyces roseus var. major Goidanich (6) is excluded 
because from the published description it does not appear to be suff 
ciently different from roseus to merit separate consideration; Anulospo 
rium nematogenum Sherbakoff (15) is excluded because the hyphal 
nematode-snaring rings are probably not conidia (Sherbakoff was un 
able to germinate them), but the highly specialized traps which have 
been extensively described and illustrated by Drechsler in his papers 
on the zoopagaceous hyphomycetes. Arnaud (1) includes Helicocepha 
lum in his treatment of the Helicosporae, but since it is generally agreed 
that this genus is quite close to the Mucorales, it is not included in the 
present paper 

Also included in the present paper is the description of a new species 


| 
of Helicoma 


Helicoma taenia sp. nov 


Conidiophoris aggregatis ; conidiis fuscis, acropleurogenis, (7 
diametro spirarum 15.5-19.5 4, filo 5.5-8 crasso, 1%-1% revolution 
nidiophoris ascendentibus, simplicibus aut tenuiter ramosis, ad 4 crassi, 0004 tenu 
altitudine 

In cortice putrido Populi ) ' owa, Feb. 1942, GWM 
herb. SUI 


Conidiophores rated ; conidia fuscous, acropleurogenous, (7--)8 


ayypres 
12(—16)-septate, 15.5-19.5 » in diameter, filament 5.5-8 » thick, coiled 


14%4-1% times; conidiophores ascending, simple or sparsely branching 
about 4» thick by up to 600 » long 


(Etym. rawia—ribbon, in reference to the exceptionally long, slendet 
conidiophores ) 

This species is distinct on the basis of its very long, slender comidi 
phores which, when branched, usually divide once, a half to a third the 
distance from the base, and which arise in groups from a common area ; 
the abundant conidia are produced singly on minute teeth \ssimulative 


mycelium is rarely seen \lthough keying out adjacent to H. recurvun 


In a paper published after this study w submi 
Myc. France Bull. 69 | 
genera and six 1 
Latin diagnoses 
to define even a get 
elegans Arnaud, with the five word 
courts.” With one exception (Diplorhy 

the key), all of Arnaud’s new Helicospor 
study will determine whether or not these 


tinct entities 
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up to 200 long by 5.4-7.24 thick; conidial diameter 14.4 
filaments 4-9-septate, once coiled, 4.5-5.4(-7.5) 
phaeria pesisula (B. & C.) Saceardo (8) 
21. H. Curtisu 
conidial diameter 12.5-14.5 4 
eptate, once coiled lich 22. I. fasciculatum Berkel 
Conidia 30-40 zu diameter, fuscous, 10-16-septate 
24. Conidia 10-25 in diameter, hyaline, to dilute fuscous, or 
ochraceous, 3 12(-—16) septat 
olonies effuse, forming a dark brown, hirsute layer; filaments 8-11 4 thicl 
14-2 times coiled, 10—-16-septate, coiled diameter 30-35 4, borne on stout 
teeth; conidiophores 150-310 « long 23. H. atroseptatum Linde 


olonic inconspicuous, of scattered conidiophores; filaments 11.5—-13.5 4 


thick ly, 1% times coiled, 11—-14-s¢ ptate, coiled diameter 33.5—38 wu, se« ile 
provided with a distinct hyaline upward-tapering collar at the base of the 
filament; conidiophorés 171-216(-—252) u long 24. H. Westont Linder (10) 


1 


26. Conidia with truncate bases, borne on stout (1.5—5 4 thick) teeth 
ases of conidia tapering to an apiculate or tapering-rounded end 
sporogenous teeth less than 1.5 # thick 
porogenous teeth 1.5—2.5 « thick, seldom more than once-branched ; conidial 
diameter (14—-)16-194, filaments 3.5-5.54 thick, 14-1% time coiled 
(5—-)7-9(-11)-septate; conidiophores 45-150 long 

25. H. Muelleri Corda 

Sporogenous teeth 2-5 thick, at maturity more than once-branched ; 
nidial diameter 17-244, filaments 5-6.5(-7) # thick, 14-2 times coiled 
inconspicuously 3-7(—11)-septate; conidiophores 75-175 long. Ped 
celed sclerotia present 26. H. proliferens Linde 
28. Conidiophores ascending or repent, much branched, less than 6 # thick 

up to 200” long; base of conidia abruptly rounded and attached 
obliquely to the conidiophore; conidial diameter 18-204, filaments 
144-1% times coiled, 6-8-septate, 5.4-6.5 » thick 

27 H wins Morgan 

28. Conidiophores erect or bent, sparsely branched, or, if much branched 

then more than 6 thick, and conidia not abruptly rounded at the 


base 


onidiophores erect, conspicuously branched, 55-250 * 5.5-7.5 4, enveloped 
in part with a rough crystal sheath; conidial diameter at maturity 15-18 « 
filaments 144-14 times coiled, 8—-10-septate, 4.5—6.5 « thick 
28. H. asperothecum Linder 
onidiophores not conspicuously branched, not enveloped by a rough crys 
tal sheath. although crystal ce posits may he present 
3). Conidiophores hyaline, 5.5 thick, at maturity about 1804 long; co 
nidia hyaline to dilute yellowish ochraceous, 14—-17.5 4 in diameter 
filaments 14%4-1% times coiled, 5—7-septate, 5—5.5 « thick 
29. H. conicodentatum Linder 
30. Conidiophores fuscous 


31. Conidiophores 6-8 » thick, up to 2004 long, the terminal cells occasionally 


constricted at septa, generally simple, producing scattered masses of pur 
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15-20 # longis) saepe leniter constricta, episporio hexagonaliter areolat 


late 
Hab. in foliis emortuis C yrtostachydis Kendlet. Yangamii. Congo 


drickx 2360 M 

Species imperfectly known: Helicosporium albo-carneum (Cr.) Sac 
cardo, H. brunneum Schulzer & Saccardo, H. Ellisu Cooke, H. herbarum 
Sace., Bomm. & Rouss, H. popult (Cr.) Saccardo, H. prasinum Preuss, 


H. pulvinatum (Nees) Persoon 


SPECIES INQUIRENDAI 


Helicosporium albidum Grove, Jour. Bot. 24: 204. 1886. This sp 
cies differs from the later described 1. phragmitis only in having slight! 
smaller conidia, but material of albidum is unavailable and the descrip 
tion is inadequate. However, phragmitis has been studied from type 
material by Linder, and it has also been obtained in culture by Webster 


the twe 


from ascospores of Tubeufia helicomyces. Linder maintained th 


species because he was convinced that Acanthostiqmella genuflexa on the 


type material was the perfect stage as had been reported by Hohnel 


Whether A. genuflexa is synonymous with T. helicomyces or whether 
it has any relation at all to H. phragmitis is still an open question 


KEY TO THE SPECIES OF Hopsonta (8) 


lilaments with conspicuous vacuoles in each cell, freely proliferating 
12(-14) uw thick, hyaline, multiseptate ; conidiophores slender, 1.8 
porodochia yellowish when dry. Tropical 1. H. giga 

Filaments with denser protoplasm, vacuoles rare, sparsely proliferating 
15(-17) w# thick, hyaline, multiseptate, conidiophores slender, 1.5—3 » 


sporodochia yellowish when dry. Temperate. Doubtfully distinct from 


jigaspora 2. H. mirabilis (Peck) Lind 


KEY TO THE SPECIES OF EVerRHARTIA (8) 


1. Conidia 3-septate, (7.5—-)8-10(-137) » in diameter, 1-convolute, filament 
(3~)3.5-4 « thick; sporodochia yellowish, stipitate or substipitate, (195 
250-400 * (90-—) 100-150 « l. E. liqnitalis TI 

1. Conidia more than 3-septate 

2. Conidia 4-8-septate, 9-12 in diameter, 144-1% times coiled, fila 
ments 3-35 thick; sporodochia white to yellowish, irregularly 
hemispherical or elongate, 0.5-1 * 0.5-2 mm 2. ik. candida Thaxter 


2. Conidia 16-25-septate, 13-18(—20) » in diameter, 2-2% times 


ments 2.5-3.5 thick; sporodochia dark fuscous, sessile, small 


*. hymenuloides Sa 


DEPARTMENT OF BOTANY 
State University or lowa 
Iowa City, lowa 
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A NEW SPECIES OF ELSINOE ON SOUTHERN 
MAGNOLIA 
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Elsinoé magnoliae on leaves of southern magnolia, t) 
an abundantly infected leaf 2. 2. Sporodochium with stron 
elongate conidiophores, * 460. 3. Two conidiophores, a and 
apically borne conidium, }) also with a conidium borne laterally 


lying conidia, =X 460. 4. Ascus with ascospores 500. 5. Ascoc: of intra 


epidermal origin, showing the irregularly interspersed asci 460 
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Elsinoé maqnoliae was discovered at Augusta, Ga., in 1941 (cf 
p. 325), and its definitely known distribution as shown above is stil 
within the host’s natural range This vear (1953) on leaves of thi 
tree planted as an ornamental in Rome, Italy, Dr. M Phirumalachar 
discovered and sent us specimens of a sterile leaf spot that, as he thought 
may represent infection by E/sinoé Recent examinations of occasional 
southern magnolia trees growing in gardens in Sao Paulo and often a 
street trees in Curitiba, Brazil, by Dr. Bitancourt and the junior writer, 
have revealed no evidence of this infection 

The senior writer’s observations of infection by E/sinoé maqnolta 


on leaves of the above-mentioned tree began in 1948. That year a1 


ach year since as the new growth has appeared it became infecte 


Stromata developing on the newly formed spots as examined from mid 
summer on into autumn were immature for asci Chose on the one and 
two year-old leaves examined early in June 1953 were abundantly fertile 
Leaf fall, then not begun, soon ensued and was accomplished for bot! 
sets by the end of the month. It 1s usual for only the second year lea\ 
to fall at this time stromata on these leaves continued to be 
through this period and even for as many as three weeks after leay 
dropped. 

Infection of the 1953 leaves, expanding as the 1951 

dropped, was apparent by July 10. Inoculum available fo 
infections would have been ascospores and conidia from their respective 
fructifications on the old leaves. It is to be expected that other organ 
of southern magnolia become infected while young, then also harbor the 
living pathogen. This being the case, they, too 
more or less abundant sources of inoculum for 
of the host 

\s seen in the prepared slides, the development 

Elsinoé magnoliae correspond only in part to that previou 
by Viégas and Krug (5) for E. mimosae Itégas (4) 
hyphae such as they reported were not observed i ections 
magnolia Phe ascocary iginate from a hyaline, subcuticular plec 
tenchyma. This develops into a pseudoparenchymatous tissue with dis 
persed binucleate cells surrounded by minute uninucleate cell The 
large fusion nucleus appears later, followed by meiosi The ascospore 

cells contain one to several nuclei, probably dependir gon ag In the 

dehiscence of the ascus as described for the genus (1), the outer inelasti 


membrane ruptures, permitting the inner elastic membrane to expand 


and the ascospores to ¢ scape through the pore 
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TWO NEW SPECIES OF PHYSODERMA FROM 
INDIA 


(with 30 FIGURES) 


The present paper concerns two species of Physoderma parasitic on 
higher plants which were found at Banaras, India. One is a very de 
structive and economically important parasite of jute plants, Corchorus 
ohtorius Linn., and the other attacks species of Commelina, Cyanotis 
and Anetlema. Both species differ in the characters of rhizomycelium 
resting sporangia, zoospores, host reactions and host range from known 
species of Physoderma s0th are therefore regarded as new species 
and given names 


Physoderma corchori sp. nov 


Rhizomycelio intracellulari effuso, ui, Copiose ramoso 2.0 # diam., rami 


rhizoidalibus efficentibu inflationibus unicellularibus spheri vel bicellularibu 


fusoideis intercalaribus praedito. Sporangiis perdurantibus pluribus in cellulas 


hypertrophicas, globosis et subspheric 19-30 # (media 24) diam., in latere uno 

depressis, operculo orbiculato, 14-18 diam., forma pileo solari simili, in depre 

ione praeditis <osporio brunneo, levi, 1.5 crasso. Endosporio t 

Contentis luteis oleosis a vel multis guttulis oleosis praeditis 

durantibus operculo amoto et endosporio protruso germinatibus 

numero per sporangiun valibus, utrinque rotundatis, 3 6i antice guttula 
‘ , 


retractiva distincta praedit s et libere natantibus : flage llo 18 # lo y ZK sporang! 


ephemeris epibioticis non visis luberculis conspicuis, hemis 


limitatis, gregariis, fulvis, levibus, haud erumpentibus 1-6 


culmis, ramulis, petiol tqu ervis Corchori olit 
Lam. (C. aestuantis Blar 12 octobris 


Leg lr. Lingappa 


Rhizomycelium intracellular, profusely branched, tenuous portions 
1.5-2.0 » diam., with numerous fine rhizoids and numerous one- to two 
celled intercalary, spherical or spindle-shaped swellings. Resting spor 
angia numerous in a cell, subspherical or globose, 19-30 (av. 24,) 


brown, 1.5, thick. Endospore thin and hyaline enclosing yellow con 


diam., with a circular depression on one side EK xospore smooth, dark 


tents with one or more oily globul Resting sporangium germinating 
by protrusion of endosporangium which pushes aside the operculun 


Operculum hat-shaped, 14-18 » diam. Zoospores approximately 40 pe 
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sporangium, oval, 3.5 X 6m, with blunt ends, an 18» long flagellum and 
an eccentric refractive globule near the anterior end. Epibiotic phase 


unknown 


Physoderma commelinae sp. nov. 


Rhizomycelio intracellulari effuso, copiose ramoso, crasso, usque 3 crasso 
ramis tenuiter rhizoidalibus efficentibus, inflationibus sphericis unicellaribus praedit: 
Sporangiis perdurantibus cellulas implentibus, hemisphericis vel breviter elongati 
lucide brunneis, 24-33 4 (media 30) diam., vel ovalibus 23 ¥ 32 magnit 
latere depressis et operculo in depressione praediti Operculo patelliformi 
20-244 diam. Exosporio brunneo, levi, 3 crass Endosporio hyalino. Cor 
tentis luteis, una vel multis guttulis oleosis praeditis. Sporangiis perdurantibu 
operculo amoto et endosporangio protruso germinatibus. Zoosporis 45-50 in numer 
per sporangium, elongatis, medio angustis, utrinque rotundatis, 5 X 7“ magnit 
flagello 20% longo postice praeditis. Zoosporangiis ephemeris epibioticis non visis 
Maculis brunneis, limitatis, ovalibus, 3-5 mm. longis, vel elongatis, et 2-3 cm. longi 
contuentibus, non erumpentibus. Producit maculas discolore n culmis nec not 
folus Commelinae nudiflorae Linn., et in culmis, foliis, rachidibus C yanotis axtllar 
DL. Don. et Anetlemae nudiflorae RK. Br CYPUS: 30 septembris 1951, Banar 


Indiae Or, Leg. B. T. Lingappa 


Rhizomycelium intracellular, profusely branched, coarse, about 3 p 
diam., with numerous rhizoids and intercalary minute, spherical, non 
septate swellings. Resting sporangia numerous in a cell, hemispherical, 
slightly elongate, bright brown, 24-33 (av. 30,) diam., or oval 23 
x 33 with a concave side. Operculum convex, 20-24, diam. Exo 
spore bright brown, smooth and 3, thick. [ndospore thin and hyaline, 


enclosing light yellow contents with one or more oily globules. Resting 
ny ted » a te) ~ 


sporangium germinating by protrusion of endosporangium which pushes 


off the operculum. Zoospores 45-50 per sporangium, elongate, slightly 
narrow in the middle, with tapering or blunt ends and a 20 w long trail 
ing posterior flagellum, and an eccentric refractive globule, 5 x 7 pp 
Epibiotic phase unknown. 

The type materials will be deposited at the Herb. Crypt. Orient. I.A 
R.I. New Delhi; Commonwealth Mycological Institute, Kew, England; 


U.S.D.A, Bureau of Plant Industry, Beltsville, Md. and New York 


\ 


sotanical Garden, Bronx Park, New York 

Corchorus olitorius Linn., the common jute plant, is extensively 
cultivated in Bengal and the neighbouring humid regions. It also occurs 
as a weed, together with its wild relative C. acutangulus Lam. Under 
intensive cultivation the jute plants grow to a height of 12 feet or more 
branching only at the top, but grow up to 5 feet under wild conditions 
\natomically, jute fibres are phloem in origin and occur in small groups 


to form radially arranged wedges immediately below an indistinct starch 





LINGAPPA: PHYSODERMA 111 


sheath and abut directly on the later developed phloem without any 
intervening parenchyma (5) (Fic. 16). The xylem elements occur as 
a compact ring below the cambium and completely encircle the pith 
The jute fibre is valued for its strength and durability in the world 
markets. Production of jute in India was valued at $567 million 
1952 and the area under cultivation is rapidly increasing (2).For this 
reason the discovery of this disease is of immense economic importance 
The disease appears early in August when the plants are frequently 
submerged in water. By the end of September the stem, branches 
petioles and midribs are covered by hemispherical dark brown galls 
(Fics. 1, 2). On the leaves the galls occur only on the midribs and 
veins and never on the lamina. Infection of the veins and pods of C 
acutangulus results only in local discoloratior Heavy infection is not 


fatal but may cause stunting. The overcrowded galls on the lower parts 


of the stem, which remain under water for a considerable length of time 


hecome cracked, undergo decay and appear erumpent and crustaceou 

\ damping off Fusarium sp. was found associated with this regior 

The galls on all aerial parts remain hard and non-erumpent long after 
the death of the host plants at the end of the season 

In some preliminary retting experiments, the author noted that the 
intact strips of fibre strands from infected C. olitorius plants could not 
be extracted. The fibre strands were invariably shattered toward the 
base and were discontinuous, with numerous holes upward. The fibre 
strands from properly retted healthy jute stems, on the other hand, are 
long and continuous, with a more compact basal part and progressively 
finer distal end (6) 

For microscopic examination, fresh material bearing sori at different 
stages of development was fixed in (Allen’s) Bouin's solution, cut at 
10u and stained with safranin and light green or with Delafield’s haema 
toxylin. Temporary mounts were also examined in 0.02% 
cotton-blue 

In such materials the tenuous rhizomycelium may 
branched profusely within the host cells (Fics. 11, 12). The fungus 
invade all the elements of the stem but is halted at the compact ring oO 
xylem bundles. Xylem and pith cells are therefore never infected. Il 
petioles the xylem bundles lie completely surrounded by the 
trophied host cells which are filled with the resting sporangia. The 
rhizomycelium gives out finely branched rhizoids inside the host cell 
(Fic. 12). It was often possible to trace a long rhizomycelium traver 
ing across several cells before branching. The rhizomyceliun 


numerous minute, spherical, intercalary swellings whi m 
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grow bigger and appear empty later (IIc. 14) Numerous 
delicate protoplasm 


celled and spherical or two-celled and fusiform (Fi 


swellings 
observations have led ie conclusion that the 


strands at the end of the rhizoids have subterminal or intercalary uni 
nucleate swellings which d velop into resting sporangial initial Che 
resting sporangia do not develop either by the transformation of t 
intercalary swellings on the main branches of the rhizomyceliun 


are multinucleate, thi 


walled and with deep staining granular contents (Fics. 12, 14) Ni 
the developing resting 


their outgrowths The young resting sporangia 


haustoria or any appendages were observed on 


sporangia and on the intercalary swellings \s the initials of the 


ing sporangia are formed, the host cells are greatly enlarged 


nucleus becomes lars and vacuolate Isolated case 


host nucleus in the deep r cells of the cortex were 
14) However repeated nuclear division has not beet 
and any addition of new host cells due to infection is doubtful 
conspicuous galls on the host appear, therefore, to be due to the 
(Fics. 11, 16). The infected ho 


trophy of the infected cells 
systemic and is ¢« 


tents are not degenerated Infection is not 


an area of a few millimetet The developmental history is the 
both C. olttorius and ¢ icutanqulu 


asS Wwe I] 


to have some pecial affinity tov t! 


Che rhizomycelium invades the phloem element 


bundles. This fungu seems 


phloem tissue as is suggested by the longitudinal spread of the rhizom 


celium along the midribs and veins and ne) 
stem also the fungus makes more rapid 
Consequent to infection the fibre cell 


walled without attaining any mechanical 


are not differentiated is. 11, 16 


‘ luvin 
IZOMYCecinum 


g spol 
480) 
formed endosporangia, the 
ospores escaping 
| cases, with oper: 
of the operculum of P rchort, 
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Resting sporangia collected in September, 1952, were germinated in dis 
tilled water, in 6-12 days at 75-80° F, in March, 1954. During germi 
nation the central oily globule breaks up and its materials become finely 
dispersed (Fic.4). The operculum is slowly lifted up by the protruding 
endosporangium and may be carried away from the exospore (Fics 
5,6). The endosporangium does not protrude more than the diameter 
of the resting sporangium in which it is formed. When fully formed 
the endosporangium is tapered at the apex and develops a subapical pore 
through which the zoospores come out one by one (Fic. 7). The zoo 
spores are oval with blunt ends and soon assume vigorous movements 
Further development of the zoospores has not been observed 
Physoderma commelinae infects Commelina nudiflora plants whicl 
inhibit the ditches and the road sides abundantly during the rainy seasor 
(July—October). During August, light brown to dark, 1 to 1% inche 
long patches were observed on the nodes and internodes (Fic. 18) 
With the advent of cold weather the plants dry up and, having no 
mechanical tissue, the entire stem shrivels up. The dark patches on the 
stem, however, retain their original thickness and as a result the affected 
stem on drying appears beaded (Fic. 18). These “beads” crumble 
when crushed between the fingers and the dark brown powdery mass of 
resting sporangia is released In the same neighbourhood, C yanot 
axillaris and Anetlema nudiflorum plants were also severely infected 
(Fics. 17,19). C. axillaris shows conspicuous symptoms on the leave 
and stem in the form of brown to black, irregularly circular patches 


which may coalesce On A. nudiflorum similar symptoms appear on all 


aerial parts including the pedicels and the rachis. In hundreds of in 


fected plants observed, not a single case of leaf infection was observed ir 
C. nudiflora, whereas on the other two hosts leaves were most conspicu 
ously infected and the beaded aspect of the caulicolus sori was absent 
In the sori of the other two hosts, the resting sporangia are not so loosely 
held as in the sori on C. nudiflora. Except for these deviations in char 


Fics. 11-16. Physoderma corchornt. 11. T. S. through a sorus in the stem 
( litorms, * 96. Note the absence of differentiation of the fibre bundle nfe 
tion of phloem and the hypertrophy of the infected host cells. 12. A cortical 
howing rhizomycelium, rhizoids with intercalary swellings acuolated 
larged host nucleus and young multinucleate resting sporangia, * 500. 13 
intercalary swellings, = 930. 14. A cortical cell with developing resting sporangi: 
enlarged empty intercalary swellings and a dividing host nucleu 480 
Nuclear condition of the resting sporangium 500. The nuclear membrane e 
closes a large vacuole with conspicuous eccentric nucleolus 16. 7 through a 
healthy stem of C. olitorius, X 96. Note the prominent wedge of groups of fibr: 


uundles. Compare with Fie. 11 
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acters on the three commelinaceous hosts the essential symptom 1 only 


the discoloration of the affected parts 

Fresh and microtome preparations were made as in /’. corchor 
The rhizomycelium is relatively coarse The rhizoids, the origin, de 
velopment, and the nuclear condition of the resting 
P. corchori (¥F ies. 20-23) The rest 


sporangia were 


found to be essentially similar to 
ing sporangia art hemispherical or slightly mpat each with a con 
CAVE depre S107) on one icle in \ 1¢ h occu! ‘ ) \ lid, the Ope re ulum 


(Fics 10. r5 ) 


The rhizomycelium invades the mesophyll and all the ti 
tem except the cular bundles, which are symmetrically 
1 ring of endodermis 11 nudiflora. The resting sporang! 
ous and generally fill u if umen of the host cell 

The number of resting sporangia in a cell depends on the na 

of the respective host cell as is evidenced by entire absence of 
enlargement of affected host cells (Fics. 20, 22) In C. nudtflora the 
large pith cells are naturally encircled by much smaller cells all of whi 


ortionate 17¢ due t 


are equally infected without any chang proj 
infection (Fic. 20). The division of the host cells due to infectior 


never observed, but the host cell nucleus becomes enlarged and 
The host cells, which are compactly filled up witl 
resist shrinkage on drying and give rise to the bead-lik 
nudiflora 

The plant parts bearins ri of P. commelinae, collected i 


tember, 1951, were kept on herbarium sheet iri sO pre 
were wetted several times and germinated easily in March, 1952 
again in February and May, 1954, in a variety of media at 80-85 
7—9 hours. The entire process of gern yy the protru 
endosporangium is essentially ‘ 

corchori (Fics, 25~30) \bout 45-50 zoospore produced pet 
sporangium Phe zoos] ire elongate, narrow in middle 
blunt ends and show typical chytrid 

from the sporangium (Itc. 29 a, b, c) (often 

escape in time and develop swirling movements 

angial case (ic. 30 Thev too. escape through the pore 

later. Giant zoospores with two flagella and two oil globules we 


observed (Fic b 5 hours of vigorous movemet 


20 
vis 
Symptoms 
nudtflora, 


both equally infected 
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The genus Physoderma includes species that produce only local dis- 
coloration, as in P?. commelinae, and also those that produce visible hy 
pertrophies on their hosts, as in P. corchori. Until very recently, those 
species that produced hypertrophic symptoms were maintained under 
the genus Urophlyctis. Magnus (7) tried to maintain the genus 
Urophlyctis of Schroeter (8), which was already losing ground, on the 
basis that the members of Urophlyctis incite hypertrophies of the affected 
host parts and that their resting sporangia are hemispherical and flat 
tened on one side whereas the species of Physoderma produce only local 
discoloration of the affected parts and that their resting sporangia are 
globose and ellipsoidal. Known records of the types of germination of 
the re ting sporangia of [ rophly tis were by the cra king of the wall, 
unlike Physoderma, in which the germination is known to be by the 
formation of the endosporangium (cf. Karling, 1950). Karling (4), 
taking into consideration the accumulated evidence, finally merged the 
genus Urophlyctis in Physoderma. He considers that the host rea 
tions cannot be of generic significance and that the various special char 
acters of U/rophlyctis are not always correlated with the host symptoms 
\s is evident from the foregoing account, P. corchori and P. commelinae 
show two distinct types of host reactions. Whereas in P. commelinae 
the resting sporangia are hemispherical to ellipsoid, in P. corchori they 


are subspherical to globose and they both show same type of germination 


of the resting sporangia. The author also collected P. aeschynomensts 
Thirum. & Whiteh. in its type locality in 1950 and has several times 
observed the germination of its resting sporangia by the formation of 
endosporangia. The anomalous method of germination which was dé 


scribed by its authors, in Bangalore material, was never observed. P. 
aeschynomensis also incites marked hypertrophy of the affected parts 
(10). It is thus evident that there is no correlation between the type 
of host reaction and the shape and germination characteristics of the 
species of Physoderma and Urophlyctis. Therefore merging the genus 
Urophlyctis in Physoderma appears convincing. 

It is further pointed out that P. corchori is an addition to the 
chytrid parasites which are capable of invading the vascular bundles (1) 
It does not attack the xylem bundles. In this connection Thirumalachar 
and Pavgi (11) are not justified in considering Carpenterella sp. as a 
chytrid parasitizing the vascular bundles. Tehon and Harris (9) con 
sidered their new genus Carpenterella, together with Ligniera vascu 
lorum (Matz) M. T. Cook, as chytridaceous vascular parasites. While 
L.. vascularum is a doubtful member of the Plasmodiophoraceae, the 


systematic position of Carpenterella is in serious doubt. Karling (3), 
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vith considerable reluctance, treated this genus within the limits of 


the Hololiflagellomycetes Inclusion ot Carpen 


( It idiop sidaceae in 


terella within the chytrids will be justifiable only after better k1 owledge 


especially of the zoospore phase of the fungus, 1s available As it stands 
today it has affinities with the parasitic slime molds on the on 


and holocarpic biflagellates on other. Future investigations 
that incite marked hypertrophy 


Physoderma species, ¢ specially of those 
| 


will doubtless reveal more species 


capable of parasitizing the vascular 


elements. 


The author is grateful to Prof. J. S. Karling for valuable advice in 


the present investigation, to his wife for the preparation of the illus 
to the Curators of the New York Botanical Garden and 
f host plants 


len, Calcutta, for the identification of 


trations, the 
Indian Botanical Gare 
and to Drs. M. D. Whitehead and |. G. Dickson for sending 


and some herbarium specimens. 
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TAXONOMY OF THE SPECIES OF ISOACHLYA 
POSSESSING SINGLE OOSPORES ' 


T. W. Jonnson, JR. AND JACQUELI 
(wItH 34 FIGURES) 


The presence of either glomerulate or clustered oogonia, and the pre 
dominance of a single oOspore are characteristics which /soachlya inter 
media (Coker and Harvey) Coker (2, 4), /. unispora Coker and Couch 
(1), /. subterranea Dissmann (3), /. ittoana Nagai (6), and J. glomerata 
Richter (7), have in common. If the original descriptions and illus 
trations of these species are compared, other features of similarity are¢ 
apparent: general configuration of the oogonia, oOspore type, oogonial 
wall pitting, position of the odgonia on the hyphae, and shape and mode 
of discharge and renewal of the zoOsporangia. Furthermore, there is a 
rather close intergradation of oogonia and odspore sizes of at least three 
of these taxa 

Kelman (5) isolated /soachlya ttoana from soil in North Carolina, 
and after a comparison of his isolate with other species, concluded that 
differences between /. itoana and /. subterranea were “. . . probably not 
great enough to consiler them separate species” (5, p. 209). He thought 
it unwise, however, to reduce /. subterranea to synonymy. The results 
of a recent comparative study of thirty-two specimens of the single 


oospore species isolated from clay soils in Mississippi, indicate that Kel 


man was correct in his supposition that these two species were the same 
Furthermore, our obervations on the living isolates showed that the 
taxonomy of all of the single oOspore species of Jsoachlya was, in fact, 


rather complex. 

It is the purpose of this paper to present the results of an investi 
gation into the taxonomy of the five single oOspore species of /soach/lya 
\ll living specimens were propagated as single spore isolates on halves 
of hempseed in sterile, charcoal-filtered, distilled water. Cultures were 


incubated at 22° C, and were allowed to grow for three weeks befor: 


examination. 


1 A portion of the cost of this investigation was defrayed by a Faculty Research 


Grant from the University of Mississippi and the Board of Trustees of State In 
stitutions of Higher Learning. The authors express their sincere appreciation to 


Dr. F. K. Sparrow, University of Michigan, for his critical evaluation and editing 


of the manuscript 
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\fter a study of fourteen of the specimens, it was apparent 


they were equally representative ol three previously described speci 


lsoachlya itoana, I. subterranea, and |. qlomerata ihe papers desert 


ing these fungi (3, 6, 7) lead one to the conclusion that none of the three 
authors knew of or considered the previously described species Phe 
descriptions of /. itoana and J. subterranea, for instance, appeared in 
publications issued only one month apart. The illustrations of these 
two taxa point unmistakably to their being alike Paste I summarize 
raBLe | 


(COMPARISON 
INTERGRADES 


AOlerraneda AND 
OF CRITICAL IMI 


the critical identifying chara ttoana, |. subterranea 
I. glomerata, together with feat ypi isolate 


It is difficult to appraise these dat: TABLE |) 


tunity to examine type specimet three des 


comparison of the morphology « antheridia 
rangia, and gemmae, 1 pecime! 
tions and illustration the knov leaves littl 
imilarity While thes 


crice we 


Chere are 
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and oogonia than are described for the types, but when a number of 
variant forms are examined, these size differences represent an inter 
graded series. Similarly, presence or absence of oOgonial wall pitting 
in the living specimens has been found to be an undependable diagnosti: 
characteristic. The numbers of o6gonia with pits, without pits, or with 
pits only under the point of attachment of the antheridial cells varied 
considerably. Several hundred o6gonia of form 569 were examined be 
fore o0gonia were found with pitted walls. In other forms, 532 and 70] 
for example, pits were observed only in o6gonia of old, contaminated 
cultures 

The characteristics of the forms listed in Taser I are indicative of 
the features of the remaining ten specimens which were examined 
Fach variant, should one be inclined to do so, might be raised to varietal 
or specific rank. If such a procedure were followed, the difficulty in 
identifying other, and perhaps slightly different forms would be com 
pounded. Since the specimens examined seem to bridge the lacunae 
between the strictest interpretations of /soachlya subterranea, |. ttoana 


and /. glomerata, it is proposed that these taxa be considered synony 


mous. When a given specimen can be identified equally confidently as 


any one of three species, it is indicative that the three taxa are too 
similar to justify their continued recognition as distinct entities 
Isoachlya subterranea, therefore, is retained as the valid entity, inas 
much as it has the prior publication date. The description of /. sub 
terranea is emended to include /. itoana and J. glomerata, and the forms 
of these which have been isolated. Fics. 1—34 illustrate the commonly 


occurring distinguishing features of this species. 


ISOACHLYA SUBTERRANEA Dissmann, Beih. Bot. Cent. 58: 110. 1931 
Isoachlya itoana Nagai, Jour. Fac. Agr. Hokkaido Imp. Univ. 32 
ll. 1931 
lsoachlya glomerata Richter, Flora 131: 241. 1937. 


Mycelium limited, usually dense at periphery of colony; two-week 
old colony 1-1% em in diameter; principal hyphae stout, moderately) 
branched. Gemmae variable in abundance ; filiform, spherical, pyriform 
or irregular ; terminal or intercalary, single or catenulate ; functioning as 
zoosporangia. Zoosporangia abundant in young cultures; fusiform, 
filiform, frequently bent, curved, or irregular, infrequently branched ; 
variable in length and diameter; renewed internally or sympodially ; in 
ternally proliferated ones always formed outside the discharged zoospo 
rangium. Zodspore discharge saprolegnoid, rarely dictyoid; motile 
spores escaping commonly through a terminal orifice, occasionally 
through one or more lateral pores. Cogonia abundant; lateral, occa 
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Fics. 1-24. Jsoachlya subterranea Secondary zoOsporangium showing pré 
liferation outside the primary one, 2-5. Variations in zoosporangial shape 


70. 6. Achlyoid 


70. 7-11. Gemmae, X 7( 
(glomerulu Terminal, unpitted oogoniun 


12 Bram hed oogonial 
] t ll surtace 14 ] Oogonium ae 


314. 14. Oodgoniu vith irregular inner wall 
eloped in a discharged zoOsporangium, 314. 16. Terminal odgonium with a 
Pitted o6gonium with attendant diclinous antheridial 


centric oospore 314 17 


branches, and subcentric oospore 314. 18. Odgonium with a subcentric oospors 
314. 19. Branched odgonial stalk 70. 20. Branched zoosporangiun 70 
70. 22. Typical bent odgonial stalk and short andr 


21 Clustering of oOgonia 
gynous antheridial branches 314 ; Lateral oogonin with monoclimou 
oniun 14 


theridial branches 314 24 


] termina 
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sionally terminal, rarely intercalary or in a discharged zoOsporangium ; 
frequently clustered on a hypha; spherical or pyriform, rarely filiform 
extremely rarely asymmetrical; 17-58 », predominantly 40-50 » in di 


ameter. Cogonial wall pitted, unpitted, or pitted only under point of 


attachment of antheridial cells; smooth; rarely irregular on inner sur 
face, extremely rarely with one or a few short papillate projections 
Oogonial stalks variable in length; straight, curved, bent, or irregular 
occasionally branched, then bearing o6gonia in glomeruli \ntheridial 
branches usually androgynous, occasionally monoclinous, infrequently or 
rarely diclinous; when androgynous, arising from any point along the 
length of the odgonial stalk, but occasionally very short, and hidden by 
the odgonial cell; sparingly branched; lacking on some o6gonia. At 
theridial cells simple; laterally appressed, extremely rarely attached by 
projections or apically appressed; fertilization tubes present, persistent 
Oospheres maturing. Oospores centric or subcentric; spherical, not 
filling the o6gonium; one, rarely two, extremely rarely three or four in 
number; 14-44p, predominantly 30-40» in diameter; mature oOspore 
germinating by a long, simple germ tube bearing a smiall, apical 
zooOsporangium, 

Isoachlya unispora and I. intermedia, which also possess singl 
oospores and clustered or glomerulate o6gonia, present another taxo 
nomic problem in view of the observations on J. subterranea. The 
characteristics of the former species (of which eight specimens hav 
been examined) are closely akin to those of /. subterranea, with the 
exception that J. unispora consistently lacks antheridial branches. Sub 
centric or centric o6spores,’ clustered o6gonia, and oOspore and odgonial 
sizes are features which J. unispora has in common with J. subterranea 
We may speculate, therefore, that these are merely variants of one 
species. The presence of o6gonia with attendant antheridial branches 
in those isolates possessing antheridia varied from 34 to 98 per cent 
This is indicative but not conclusive evidence that /. untspora and / 
subterranea may well be a single entity, since they are similar in other 
respects. For the present, at least, it seems desirable to retain the 
antheridial-bearing species separate from /. untspora, although they ar¢ 
remarkably similar in other morphological features 

\ single characteristic of /soachyla intermedia (2, 4) would seem to 
distinguish it from /. subterranea. ‘This is the presence of some irregu 
larly shaped o6gonia having wavy or irregular walls which may, in 
extreme cases, be extended into short papillae. ‘Ten separate isolations 


of Harvey’s species have been studied, comparatively, with the other 


Coker and Matthews (2) are in error on this point since the figure 


unispora (1, pl. 23) clearly show both centric and subcentric oospores. 
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1 and their known variants Che characteristic irregu 


rmedia is somewhat variable In three specimens, an 
nd &2 percent of the 1000 o« gonia examined in each of 


woth 


type, the remaining being smooth 


subcultures were of the irregular 


in antheridial 


walled and spherical In the other seven pecimens, o1 ly 


smooth-walled. In 
intermedia agreed quite closely with that of t 


oogonia addition, the predominant ox re 
the specimens of / 
description (4) That is, no intergrades of any significance i 
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criterion were found in /. intermedia specimens similar to the inter 
grades in isolates representing variants of J. subterranea. 

Kelman (5) has pointed out that /soachlya itoana (which we con 
sider to be the same as /. subterranea) may be distinguished from / 
intermedia on the basis of antheridial branch origin. Such branches in 
[. intermedia arise immediately below the oOgonial cell, whereas in / 
itoana (I. subterranea) the origin, though androgynous, is generally at a 
point approximately midway along the length of the oogonia! stalk. In 
the isolates of /. ttoana (I. subterranea) which we examined, this is an 
extremely variable characteristi Even in the same colony, androgy 
nous antheridial branches arise in a manner characteristic of both /. 
itoana (Fics. 27, 32) and J. intermedia (Fics, 18, 22). It is believed. 
therefore, that antheridial branch origin is not a_ suffi iently stable 
characteristic by which to separate these species. 

Despite the fact that configuration of oogonia and attendant an 
theridial branches in /soachlya intermedia are similar to that in other 
single oOspore species, it appears that Harvey’s fungus is an easily 
recognizable one. No oogonia in any culture of the living specimens of 
I. unispora and I, subterranea possessed irregular walls characteristic 
of [, intermedia. 

The single oOspore species of /soachlya, therefore, are presently 
limited to three recognizable taxa, and the following key is proposed for 
their separation. 

Oospores predominantly single; o6gonia clustered or glomerulate 
Antheridial branches present 
Odégonia smooth, spherical or pyriform , I. subterranea 


Oogonia irregular, outer wall surface wavy or papillate 1. intermedia 


\ntheridial branches lacking I. unispora 


SUMMARY 


Thirty-two isolates of /soachlya, characterized by a single oospore 


and clustered or glomerulate o6gonia, were examined. Several speci 


mens were intergrades between /soachyla subterranea, J. itoana, and 
I. glomerata. ‘These three are considered to be the same species, for 
which /. subterranea is the valid binomial. /soachlya unispora and J. 
intermedia are discussed. Observations of living specimens indicates 


that these are valid entities, and easily separable from /. subterranea 
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SYNCHYTRIUM RANUNCULI COOK 


JoHN 


In 1947 Cook described Synchytrium ranuncult as a parasite of 
Ranunculus pusillus at Baton Rouge, La., and diagnosed it as follows: 
Galls single and numerous on upper surface of leaves and on petiole 
yellowish at first, become reddish and finally black, about 60, in di 


} 


ameter; sori varying from pale-yellow to reddish-yellow in color, 12 » 
diam.; sporangia 6-8» diam. He reported that two parasites may be 


present in the infected cell and indicated that the initial thallus fun 
tions directly as a sorus 

In a study of this species the author found that Cook overlooked 
some of the critical stages of this parasite and misinterpreted other 
which he observed \lso, the dimensions of the galls, sori and spo 
rangia which he recorded are inaccurate and too small. Furthermore 
what he described and illustrated as two sori in an infected cell are in 
most instances actually developmental stages of the sorus from the pro 
sorus or initial cell, and this has been confirmed by examination of hi 


own fixed and stained preparations which he kindly sent the author 


before his death. The presence of a prosorus in the life cycle of a 
species of Synchytrium is very important for its identification and has 
direct bearing on its ultimate classification in the various subgenera 
lor these reasons primarily the author is describing the life cycle of 
S. ranuncult with particular emphasis on the development of the pro 
orus and sorus, 

The zoospores of this species are fundamentally similar in structur 
and behavior to those of other members of the genus. \s they emerge 
from the sporangium they are subspherical to oval in shape (Fic. 1), 
but when they are actively swimming they become more narrowly oval 
(Fic. 2) and oblong (Iic. 3). Towards the end of the motile period 
they become more globular again and almost spherical in shape (Fic. 4) 
However, after they come to rest the flagellum may lash about, and th 
zZOOSpore body may occasionally become amoeboid (Fic 5). The re 


fractive globule is pale-yellow to pale-orange in color and lies near the 


Thi study ha been s ipported UY a gral in ¢ om the National Sci 


loundatior 
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posterior end in size, and sometimes a second 


smaller one may present. s-, tri-, and tetraflagellate zoospores 


occur, and these appear to have arisen by unequal cleavage in_ the 


ul 


sporangia \t least, no conclusive evidence of their origin by fusior 


} | , 


Ol zoospore Ss or gametes as CCT TSe rved Pairs ot zoospores were 


observed swimming together like gametes, but no stag f 
veen them were seen 
Penetration of the zoospore into the host cell has not 


fend 


but a few young stages of the parasite within epidermal cells have 
found. The young parasite frequently lies in the base of the host cell 


underneath the host nucleus (Fic. 6), and as it grows in size it stimu 
lates the infected epidermal cell to enlarge. At the same time the cyto 
plasm of the infected cell increases in amount and becomes denser, wit! 
numerous suspended granules (Fic. 7). The nucleus also enlarges 
but it is not certain whether this is due to the presence of the parasite 
or the expression of a fundamental ratio between cell and nuclear 

(biG 


The adjacent healthy epidermal cells also enlarge fairly early 
7, 8), and by the time the galls are mature some of them may be tour 
times their normal size as shown in Fic. 11. This figure shows a small, 
broad and low gall in which. the enlargement of epidermal cells extend 
for a considerable distance from the infected cell The small cell on the 


extreme right is normal in size, and a comparison of it with the other 


cells shows the degree of enlargement which may occur \s the in 
fected cell enlarges in the early stages it grows inward as well as out 
ward, and at this stage (Fic. 7) its base may be deeper than those 
f the surrounding epidermal cells. In some galls, however, the ad 
as much as the infected cell 


t cle 


jacent cells may elongate inward almost 
the latter may frequently separate the palisad 


The inward growth ol 
cells as shown in Fie. 8. 
The infected cell appears to enlarge more rapidly than the parasite 


at first (Fic. 7), so that the latter only partly fills it Within a short 
] the 


time, however, the growth ratio changes, and a 
soon fills the greater part ol the host cell (Fic 
host protoplasm is very abundant, and in fixed 
it often appears to be degenerating. The host nu 
almost homogeneous in structure and is dens 
these observations ¢ seems to degenerate 
slightly older stages hardly recognizable 

It is obvious in Fics. 7—9, and 11 that t 
ost Phi 


the infected and adjacent epidermal cell 


leads to a marked 


enlargement of 
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Fics. 1-18. Synchytrium ranunculi. 1-3. Oval and elongate zoospores, X 69 


4. Zoospores shortly before coming to rest, X 695. 5. Amoeboid zoospores, * 695 


6. Early stage following infection, parasite in base of cell, x 400. 7. Later stage 


showing enlargement of infected and adjacent epidermal cells, 337. 8, 9. Still 
later stages with incipient prosori filling most of host cell and surrounded by dens« 
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ot these cells has been observed, so that it is not known whether gall 
formation in S. ranunculi involves meresis also. The position and ap 
pearance of the enveloping sheath cells often suggest that they may have 
divided as well as enlarged, but this remains to be determined from 
future studies. Nevertheless, the mature sporangial gall (Fics. 10, 14, 
15) is composite and multicellular, and usually approximately half or 
more of it projects above the surface of the leaf. The latter portion 1s 
almost hemispherical in shape and nearly circular in basal outline. The 
remaining part may be embedded in the leaf tissue and project inward 
among the palisade or mesophyll cells. Occasionally, the galls may be 
low and broad (Fic. 11), and project only slightly above the surface 
of the leaf. Usually, the enveloping sheath is composed of a single layer 
of enlarged cells, which come together closely at the apex of the gall 
Consequently, the pore or opening to the infected cell is relatively nar 
row. Resting spore galls (ics. 21, 22) are fundamentally similar to 
those which bear sporangia but usually somewhat smaller. Sometimes 
they may be quite small and project very slightly (Fic. 22) above the 
surface of the leaf 
\s the thallus or incipient prosorus of the parasite develops it be 

comes invested with 2.4—3 » thick wall (Fic. 9), as Cook’s photographs 
show quite well. Also, the wall of the host cell becomes thickened 
(Fics. 9, 17) \s the prosorus reaches maturity, however, its wall 
appears to be thinner than formerly as shown in Fic. 10. The prosorus 
shown here is mature and may be taken as representative except for the 
small amount of residue around it. As shown in Cook’s photographs 
and illustrated in Fics. 11 and 13, the residue is usually more abundant 
and may fill the space between the prosorus and host cell wall completely 
The prosorus shown in Fic, 10 fills the host cell almost completely and 
has a large, 17.4 diam., nucleus which appears to be in the very early 
prophase of division. The lunate body (Fics. 8, 9) which is usually 
present in resting primary nuclei is absent and appears to be replaced 
by a number of strands and irregular bodies. Following this stage 


(Fic. 10) the prosorus develops a broad papilla at the apex, and its 


host protoplasn 33 ). Mature prosorus in an almost hemispherical g 
11. Almost mature prosorus in a low, broad gall, X 500. 12. Early stag 
velopment in apex of 1 cell, X 375. 13. Primary nucleus passing 
401. 14. Primary nucleus in sorus in prophases of division with 
{ 285. 1 arly multinucleate sorus with a plug of densely stained 


11 
Hill 


g openit hetween prosorus and sorus 385 ISA. Plug in cross 


400 Multinucle: sori with progressive cleavage furrow 


~orus with sporang! asal portion of inte ted cell constricted by xpansio 


cells 17. 18. Mature sorus with polyhedrai sporangia 
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the 


protoplasm begins to flow out to form the sorus in the upper part of 
ost cell. Fic. 12 shows an early stage in this process in which the 
primary nucleus is approaching the aperture between the prosorus and 
incipient sorus. This nucleus is slightly beaked at its upper surface, but 
usually the nucleus at this stage is somewhat flattened or elongated trans 
versely to the long axis of the prosorus. Fic hows the primary 
nucleus passing into the incipient sorus, and in Fic. 14 the passage 
has been completed \s far as these observations go, this passage ap 
pears to take place while the primary nucleus is in the prophases of 


mitosis, and these observations agree fundamentally with those of Miss 
Curtis (1921) on S. endobhioticum. ‘The nucleus in Fic. 13 includes 5 
or 6 strands which may be elongate chromosomes. However, the exact 
number of chromosomes in S. ranuncult has not been determined inas 
much as no late prophases or equatorial plate stages were observed 

It may be noted here that Cook’s Fic. 4A illustrate a fairly early 
tage in the formation of the sorus from the prosorus. The author has 
examined the slide from which this photograph was taken, and sections 
adjacent to the one in his Fic. 4A showed the presence of a pore and 
passage of the protoplasm through it His Fic. 4B shows the empty 
prosorus under the sorus, and in Fic. 4D part of the collapsed sorus lies 
in the base of the host cell. As noted earlier, Cook misinterpreted Fic 
+A and 4B as two parasites in an infected cell 
almost 


The migration of the protoplasm into the enlarging sorus is 


complete in Fic. 14, and eventually the prosorus usually becomes com 


pletely empty Occasionally, however, a small amount of residue may 


remain in it as shown in Fic. 15. Following this stage a conspicuous 


plug of densely stainable material develops in the opening between the 
prosorus and sorus (Fic. 15). The origin and development of this 


plug is not clearly evident in S. ranunculi, but in S. succisae Rytz (1907) 
believed that it is formed from the residual protoplasm in the prosorus 
| | | 
In cross sections of stages similar to the one in Fic. 15 it appears as an 
g PI 
almost circular, densely stained area with a hole in the center (Fic, 15A) 
The latter apparently closes up completely later The presence of such 
| 


plugs is clearly visible in several of Cook’s slides of S. ranuncult, Such 


plugs were first described by Rytz (1907) in Synchytrium succtsae, and 
later Kusano (1930) found them in the germinating resting spores of 
S. fulgens. The author has found them in S. stellariae, S. cerastu, S 
australe, S. lindquistu, S. achyroclines, S. brown and another species of 
Synchytrium from Argentina (1955) on Sphaeralcea bonaerensis. It 
is quite likely that they will be found im all species in which the initial 


thallus or resting spore functions as a prosorus 
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\fter the prosorus is emptied the sheath cells around the lower part 

of the host cell seem to expand, and as a result this part ot the infected 
cell frequently appears slightly invagit ated in fixed and stained prepara 
tions as shown in Fic. 17 This expansion and invagination may be the 


1 1 
} 


result of loss of turgor in the host cell as the prosorus empties At this 


stage and later the infected cell has a characteristic appearance in most 
; 


galls. It appears to be bilocular with the empty prosorus in the lower 
and the sorus in the upper half 
Following the development of the sorus the primary nucleus con 
its division, and subsequently its daughter nuclei divide until the 
becomes multinucleate (1c. 16) Progressive cleavas 
curs (Fics. 16, 17), delimiting multinucleate segments whi develo 
sporangia and become invested with a thin wall (fic 18, 19) Phe 
sorus and sporangia then appear to increase in volume and thereby pusl 
down into the area occupied by the empty prosorus (ics. 18, 19) \y 
‘ 


itt 


varently as the sorus ruptures the empty prosorus begins to invagin: 
| | | | 
icle in the 


and this may continue ut appears as a collapsed 
of the infected cell as shov n Cook’s Fic. 4D 
then occupy most of the hos later, as the 
rangia are lil ited, and if sufficient moisture 1s pres 
undergoes cleavage and forms zoospores (Itc, 20) 
So far only ; w resting spore galls and spores hay 

From these it appears as if their development is fur damentally similar 
to that of the sporangial galls and prosorus \s the author (1954) ha 


described for S. australe, the incipient resting spores are recog izable by 


the presence of a large number of globules and densely-staining bode 
] 


in the cytoplasm, and as the spores mature they become enveloped by 


thick wall Frequently, the wall 1 nveloped by a thicker and dense 
layer of host protoplasmi (Fic tha prosorus, but tl 
not always true ’ hown IG lue may be very limited 
In quantity Gserminatio th ting has not beet b 
and it is not known whet aS a sporangium, sorus or pro 
sorus 
From the 
culi more fully 
follows 
Prosorus us 
SO py with a 2.4 
cell Soru 


nispherical 
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with yellowish-orange content and a thin hyaline wall. Zoospores pre 
dominantly oval, 2.8-3 K 3-3.8y, with a pale yellowish refractive 
globule. Resting spores oval, 32-38 x 40-48 y, or almost spherical 
46-52 w, with coarsely granular content and a 3.84.5 » thick brown wall ; 
germination unknown 


Sporangial galls usually single and scattered or aggregated on upper 


55 


surface of leaves and on petioles, sometimes confluent, composite, multi 


cellular, oval 96-132 k 120-144, subspherical, 96-126, in media 


longitudinal section; protruding portion on leaf almost hemispherical, 


Synchytrium ranuncult 19. Expanded sorus 

prosorus, * 337. 20. Dehiscing sporangiun 466. 21. Large 
resting spore surrounded by a thick, dense layer of residue 
and broad resting spore gall, 331 

MiG 23-26. Unknown organism in substomatal cavities 
stages, * 400, 25, 26. Bi- and trinucleate stages 44] 

biG 27-30. Plasmodiophoraceous organism. 27. Plasmodium-like 
migrating through walls of deep-lying cells 5 28. Thallus migrating fron 
epidermal to mesophyll cell 555. 29. Meront-like uninucleate body 380) 
30, Cystosorus-like body 700 


Resting sporangium 
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basal portion embedded in host tissue; yellowish at first, then red and 
finally becoming almost black in color. Resting spore galls funda 
mentally similar but usually somewhat smaller, 68 74 «80-98 » diam 

On Ranunculus pusillus, Baton Rouge, La., causing crinkling of 
leaves 

It is to be noted in the above diagnosis that the dimensions ot th 
galls, sori and sporangia are considerably larger than reported by Cook 
who listed them as 60 pw, 12 », and 6-8 w diam., respectively 

(n the basis of the presence of a prosorus in its life cycle, 5. ranun 
culi may be assigned provisionally to the subgenus Mesochytrium, How 
ever, its ultimate classification depends additionally on the manner ot 
resting spore germ! ation, according to the author’s ( 1953) classificatior 
of the subgenera Vesochytrium and Microsynchytrium are the onl 
two known subgenera whose members develop prosori, and should the 
resting spore of S. ranunculi function as a sporangium in germination 1t 
would belong in Mesochytrium. On the other hand if it functions as a 
prosorus S. ranunculi should be included in Microsynchytrium. Re 
gardless of its final classification, it appears to be a valid species of 
Synchytrium and differs from other known species which occur or 
Ranunculus by the presence of a prosorus. So far five species have beet 
reported on Ranunculus: Synchytrium aureum on Rk. acer and R. mon 
tanus ; S. andinum on Ranunculus sp. and FR. caltifornicum; S. anomalum 
on R. ficaria; S. cinnamomeum on R. recurvatus and FR. septentrionales 
and §. ranuncult on R. pusillus. Of these S. aureum, S. anomalum and 
5. cmnamomeum are reported to be short-cycled species which form only 
resting spores and belong in the subgenus Pycnochytrium Synchytriun 
andinum is the only other long-cycle species besides S. ranuncult whic! 
occurs on Ranunculus, but it does not develop a prosorus and 1s there 
fore included in the subgenus Eusynchytrium 

In his description of S. ranunculi Cook reported that its thallu 


deve lops to some extent in the substomatal cavities of its host apparet th 


| 
following entry of the zoospores through the stomata. His Fig. 3G 


shows what he believed to be an early stage of such a thallu It 3 
quite possible that such infections occur in S. ranuncult, inasmuch a 
similar ones have been reported by Kusano (1909) and Tobler (1912 
for other species of Sync hvtrium However, good evidence has beet 
found in Cook’s slides that the thalli which he found in the substomatal 
cavities may not relate to S. ranunculi at all \t least two and possibly 
three organisms in addition to S. ranunculi have been found in his se 
tions of Ranunculus pusillus leaves and petioles. One seems to relate 
to a species of the Plasmodiophoraceae, and another one ts a species © 


Physoderma 
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larly stages in the development of an organism similar to the one 
shown in Cook’s Fig. 3G are fairly abundant in his slides. F1 
and 24 show uninucleate stages of this organism while Fics. 25 
how bi- and trinucleate stages, respectively. In each stage the thal 
in the substomatal cavities is connected by a fairly long (Fics. 23, 26) 
or short (16s. 24, 25) tube or neck to a thick-walled empty cyst whicl 
may lie outside or between the guard cells. The latter may be closed 
(Fic. 26) or open (Fics. 23-25), and the cysts look like empty zoo 
pore cases whose walls have become thickened on one surface Phe 
nuclei of these thalli are not very similar to the primary nucleus of 
Synchytrium species and often show a “wheel-like” internal structuré 
which has been reported as characteristic of several species of the Plas 
modiophoraceae (Karling, 1942). Unfortunately, Cook did not use No 
0 coverglasses on his slides, and it is impossible to study these nuclei 
under the oil immersion lens without smashing the preparations 

That these thalli do not relate to S. ranunculi seems evident from 
their bi- and multinucleate character. As noted above, the primary 
nucleus of S. ranunculi does not divide until it has migrated into th 
incipient sorus, and a multinucleate stage does not appear until very late 
in the development of Synchytrium species. Here, however, the thalli 
are bi- and multinucleate in the early stages. These thalli are en 
veloped by a distinct wall which becomes quite evident in plasmolized 
specimens (Fic. 26). No additional developmental stages of these or 


ganisms have been found, and it is not certain that they relate to the 


plasmodiophoraceous parasite to be described next. It is not improbable 


that they might be developmental stages of an endophytic alga or possibly 
a species ol the family ¢ Npidiaceae. 

The plasmodiophoraceous parasite occurs in most cells of the leat 
and petiole sections of Ranunculus pusillus and is plasmodium-like i 
shape and structure. lic. 27 shows a portion of a plasmodium passing 
through the wall of adjacent deep-lying cells of the petiole, and in Fic 
28 is shown a stage of migration from a leaf epidermal cell. A few 
spindle-like uninucleate bodies (Fic. 20), which look very much like 
meronts, were observed in several host cells. In addition to these 
bodies and plasmodia numerous cytosori-like multicellular structures 
were found. These were irregular, oval, oblong and almost spherical 
in shape and consisted of a few to numerous cells or cysts (Fic. 30) 
\lso, several stages of their development were present, and from these 
stages it appears that they were derived from plasmodia such as shows 
I 7 


in Ics. 27 and 28 


lhe third parasite found in Cook’s slides is a species of Physoderma 
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‘umerous resting sporangia, 18-22 x 3 and remnant 
rhizomycelium (Fic. 31) were pres ing cells 
petiole. 

SUM MAR) 


Synchytrium ranuncult develops a distinct prosorus in its lite 
cycle, which gives rise to a sorus in the apical part of the infected cell 
On this basis it may be included provisionally in the subgenus Meso 
chytrium. In addition to this parasite, Cook’s slides of Kanunculus 
pustilus leaves and petioles include three other organisms; a plasm« 
diophoraceous parasite, a species of Physoderma, and possibly an endo 


phytic alga. 
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AN INDEX TO L. O. OVERHOLTS’ 
MYCOLOGICAL NOTES 


CuHarves L. Ferot 


Dr. L. O. Overholts published a series of thirteen papers entitled 
“Mycological Notes.” They contained descriptions and photographs 
of new and unusual fungi \ll but one (Mycological Notes for 1920 
Bull. Torrey Bot. Club 49: 163-173. 1922) were published in volume 
12-34 of Mycorocia (1920-1943). The following index of the genera 
and species described in these articles is presented here with the hope of 


aiding mycologists in using them. The volume, pages, and date cited 


refer in each case to Myco.ocia except for the 1922 references, in whicl 


case these refer to the Bulletin of the Torrey Botanical Club 
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1 Contribution No. 188 from the Department of Botany, Pennsylvania 
tural Experiment Station. Authorized for publication June 22, 1954, as paper 
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sparassoidea (Tremella) 12: 141. 1920 tinctorius (Pisolithus) 35: 248. 1943 
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DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, 
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NOTES AND BRIEF ARTICLES 


HYMENOMYCETOUS SPECIES FORMING MYCORRHIZAE WITH PINUS 


VIRGINIANA 


Since Melin ? first developed methods for the positive identification 


of ectotrophic mycorrhizal fungi using aseptic culture techniques, it has 


become standard procedure that before any fungus species may be con 
sidered a definite mycorrhizal partner proof be established throug! 
aseptic synthetic culture. Positive identities are invaluable to thos« 
persons engaged in physiological investigations of mycorrhizae. Conse 
quently, the authors have experimented with several isolates of America 
and Swedish Hymenomycetes together with Pinus virginiana Mill 
that cultures of known mycorrhizal fungi would be available for their 
tudies of this naturally occurring phenomenon 

Pinus virginiana seedlings were grown for one month, using the cul 
ture methods described by Hacskaylo,* in which the substrate was Terra 
Lite moistened with a suitable nutrient solution without glucose. The 
cultures were then inoculated with mycelial suspensions of fungi i 
glucose solution so that the nutrient solution in the flasks contained a 
concentration of 0.25% or 0.5% glucose The roots of the seedling 
were examined from four to six weeks later. The fungi selected and thx 
results of the tests were as follows: All isolates of the American hymeno 
mycetes, Amanita caesarta Schw., A. frostiana Peck, A. rubescens S. F 
Gray (depauperate form), and Boletus bicolor Peck, were found to have 
caused ectotrophic mycorrhizae of the unbranched, singly forked, and 
coralloid types (Fic. 1). The Swedish isolates already known to be 
mycorrhizal on Pinus silvestris L. in Sweden, kindly provided by Pri 
fessor Elias Melin at Uppsala, were Boletus luteus Fries, B. varieqatu 
Fries, Cenococcum graniforme Ferd. and Winge, and Rhizopogon roseo 
lus (Corda) Th. Fr. Of these, Boletus variegatus and Rhizopogon » 
lus were 1e only ones which entered into the mycorrhizal relation 


The authors, however, have noted that in the Washington, D. ( 


Melin, | Uber die Mykorrhizenpilze von Pinus sil 
Svensk. Bot. Tidskr. 15: 192-203. 1921 
Melin, I Boletus-Arten als Mykorrhizenpilze der Wald! 
t. Ges. 40: 94-97. 1922 
Hacskaylo, | P 
Mycologia 45: 971-975 
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naturally occurring black mycorrhizal structures, 


ble the Cenococcum graniforme and Pinus silvestris formatiot 


on the roots of /’. virginiana and several other ectotrophic mycorrhizal 


forest tree species. To date neifher isolations nor pure culture studic 
have been attempted with this fungus 

(of the above isolates, Palmer * has found that at least one, Amanita 
rubescens, will form mycorrhizae with the short roots of Pinus virginiana 
which are produced when certain concentrations of beta-indoleacetic acid 


are introduced into the cultures containing the Terra-Lite substrate 


Ectotrophic mycorrhizae comprising Pinus virginiana and 


Consequently it appears that isolates of hymenomycetes together with 
the indole-acetic acid could be of great value in increasing the absorbing 
surface of pine or perhaps other species of tree seedlings prior to tran 
planting them from nursery beds to plantations 

The possibility of interchanging mycorrhizal fungal species in 
ous parts of the world may also have important implications 
evident that species of fungi can be different physiologically, as is 
by the specificity in mycorrhizal relationships If one fungus 
found to be more efficient than another in the transfer of nutrients 


the soil to the tree, its adaptation to other geographical regions 

* Palmer, John G. Mycorrhizal development in Pinus virginiana as influenced 
by a growth regulator. Thesis submitted for the degree of Doctor of Philosophy 
Che George Washington University. 1954 
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mycorrhizal partner on similar or other species might be of practical 
value 

The senior author wishes to thank Professor Elias Melin of the 
Institute of Physiological Botany, Uppsala, for providing facilities for 
the portion of this work done in Sweden.—EpwaArp HACSKAYLO® AND 
foun GrILBert PALMER, Department of Botany, The George Washing 


ton University, Washington, D. ¢ 


THE NOMEN RE OF ARMILLARIA, HYPHOLO) 


In a recent article by Dennis, Wakefield and Bisby (Trans 
Myce. Soc. 37: 33. 1954), it is proposed to adopt as lectotype 
lrmillaria: A. mellea; for Hypholoma: A. lateritu and as valid generi 
name for Rhodophyllus Quél., Entoloma emend. Donk, Denni hie 
three authors have apparently overlooked my paper “Die Nomenklatut 
der Hoeheren Pilze”’ (Schweiz. Zeitschr. f. Pilzk. 29: 204 1951) 
where I have shown that (1) the wording used by Kummer leads t 


the acceptance of new genera like Armillaria Kummer rather tl 


the interpretation of Kummer’s genera as new sta ( Armillaria 


Kummer): (2) that for Armillaria Kummer the first selection wa 


A. straminea (1c. p. 228), and that Hypholoma Kummer must be cor 
sidered as a nomen dulbium since it is impossible to interpret (p. 209) 
3) that Khodophyllus Quel. is definitely not homonymous wit! 
Rhodophylis \Wutzig according the existing rules; and (4) 
fcurtis cannot be disposed as the name of a form genus of the Fung 
[mpe riecti;: 5) hi the number of species ilready transferred 
Rhodophyllus is much larger than the number of species to be tran 
ferred to Entoloma or, even more so, to Acurtis (p. 224) 

This leave wr discussion only a few additional arguments su 
the identity of . tllaria and Amanita, which 1s indicated as a threatet 


ing possibility that might lead to the eventual loss of 


n 


valid generic nam first place, Locquin is quite isolated 


among 
mycologists who ve that the structural differences between Armil 
laria luteovirens and the Amanitas are too large and significant to cor 
bine any Armillaria with any Amanita, but not even Locquit comes te 
the conclusion of such a synonymy since he merely synonymize lrmi 


laria and Aspidella voking rule 15 against Locquin, tl 
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British authors seem to imply that Locquin’s work is devoid of “seri- 
ous motives,” which is more than the writer would want to state But 
even if Armillaria eventually had to be abandoned, there is no reason 
for regret. I certainly sympathize with the underlying (somewhat 
nostalgic) tendency of many mycologists, to preserve as many of the 
Friesian names as possible, and this was one of the reasons why Singer 
& Smith proposed Armillaria luteovirens as lectotype. On the other 
hand, it is Fries’s own fallacious taxonomy which, at times, makes it 
impossible to preserve his names efficiently, as 1s the case in Armillaria 
la 


y 


a notoriously artificial, badly defined, incongruous genus proposed 
Fries in spite of the fact that older taxa for the same group were at his 
disposal. The same is true for Hypholoma. It was Karsten’s merit 


to remedy this situation partly, and by doing so, he implied the choice 
of a lectotype outside the split group proposed by him (Armiullartella 
resp. Naematoloma). 

The phytopathologist who wishes Armillaria maintained for Armi/ 
lariella mellea has, as a review of phytopathological literature during 
the “reign” of Fries and Saccardo proves, mostly contented himself 
with the binomial Agaricus melleus, later using Armillaria and Clitocybe 
(20th century), frequently falling back on Rhizomorpha. Armillartella 
is still rather rarely used. This proves merely that there is a natural 
tardiness on the part of the phytopathologist to adjust himself to the 
progress of taxonomy aside from an understandable wish to avoid nam¢ 
changes in general. With all due consideration for this wish, often i 
contradiction with that of the medical mycologist (Oidium!), or the 
mushroom amateur, it is not always easy to find a solution satisfactory 
to most, without hurting taxonomy. 

Dennis et al end up by proposing to “treat Acurtis as a nomen re 
jiciendum,” apparently in anticipation of the acceptance of a correspond 
ing rule which does not exist and has been rejected in Stockholm 
well as in Paris. The fact that it could have been proposed in the case 
of Acurtis, in spite of this, shows with all desirable clarity what would 
be in store for botanical nomenclature if such a rule ever became a valid 
article. Instead of remaining restricted to plants of extraordinary 
economic importance and being proposed only in exceptional cases (as 
promised ), this article would be invoked and committees be swamped by 
proposals for rejection of taxa wherever there is a desire to avoid the 
application of the rules. It seems to me that, in the case of Acurtis, 
rejection of Rhodophyllus as nom. conserv. means that the majority of 


the Committee on Fungi consider it better to apply the nomenclatorial 
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rules as they stand, i. # tis? Sincer, Instituto 
Miguel Lillo, Tucuman, 


REFRIGERATOR STORAGE PROLONGS AECIOSPORE COLOR AND VIABILITY 


Fresh, mature aecia of the various species of rust fungi in the genera 


Cronartium and Peridermium are of striking appearance because of the 


yellow or orange color of the aeciospore masses When specimens are 
collected and 


become whitish in color within a few months The specimer thu 


brought into the laboratory the spores usually fade and 


depreciate rapidly in value for display and instructional purposes 

The natural color of the aecial material may be prolonged for 
two years or more and viability of the spores greatly lengthened by 
placing the specimens in paper bags or wrappers and storing them 1 
a refrigerator at temperatures between 5° and 7° C and (41°-45° F 
Excellent results have | obtained with four species of rusts: Crona 
tium filamentosum (Peck) Hedgc., C. stala tiforme A. & K.. C. comand 
rae Peck and Peridermium harknessu |. P. Moore There seems no 
reason for anticipating that the method would not prove equally sati 
factory for the storage of other Cronartium and Peridermium speci 

James L. Mierke, Intermountain Forest and Range Expt. Sta., 
Logan, Utal 


VotumME XILVI—CorrREcTION 


58. Tiffany and Gilman: Colletotrichum. C. lineola 
ellis & Keller. North Am. Fungi 2/83 instead of 2181 
632 arrow: Tropical Soil Fungi. “Six major 


Zone and ysta Rica” should read “Three major 


Province of Cl iriqut and two 


regrettable de lay in 1 ara it ti ovember December 


was due to le < 





REVIEWS 


1 


Les Discomycetes pe MApAGASCAR, by Marcelle Le Gal. (Pro 
drome a une Flore Mycologique de Madagascar et Dépendances, Vol 
IV.) 465 pp., 172 figs.,1 map. Muséum National d’Histoire Naturelle, 
Paris. May 1953 Price 6500 fr. in France, 8000 fr. foreign (about 
$19.00 to $23.00). 

Dr. Le Gal has treated in great detail 80 of the 85 species of 
discomycetes reported from Madagascar, but her discussions and cor 
clusions have bearing on many European and North American genera 
and speci The volume is another significant contribution to our 
knowledge of this group prepared by one of its most able investigators 
It can only be regretted that the high price of the book will prevent 
its wider dissemination and us« 

Mme. Le Gal is gifted with the flair for taxonomic mycology that has 


heen evident in all the great masters of mycology in France M yeolo 


gists of other countries and other disciplines can rejoice in the at 
she has made an attempt here to bring French mycology in accord witl 
mycology elsewhere by adhering to the International Code of Nomet 
clature We may sincerely hope that her example will be followed by 
her countrymen, who hold her in high esteen (She has recently beer 
elected to the presidency of the Société Mycologique de France.) 

Excellent descriptions and beautiful drawings make this one of the 
most useful floras yet to appear. Mme. Le Gal’s meticulous attention 
to detail and her faithfulness to the type concept (including the neces 
sity of examining type material when available) combine to 
taxonomic conclusions as authoritative. The great value of thi 
to discomycete systematists in other areas of the world, howe, 
lie in the critical comments, dispersed throughout the book, or 
limital species and genera. ‘These reveal the breadth of Mme. Leé 
understanding of the discomycetes 

Worthy of particular mention are the extended treatment 
Cookema, Philipsia and Sarcoscypha (as Plectania), genera whicl 
hitherto presented many seemingly insolvable puzzles. Her unravelling 
of the misinformation and complex synonymy in the genus Psilopesta 
solves some of our knottiest taxonomic problems; the establishment of 
a single new genus, Phaedropesia, appears justified or any student 
of the phylogeny of the discomycetes, Mme. Le Gal's proposed deriva 
tion of the Sarcoscyphaceae from Kutstroemia will provide stimulating 
food for thought and conjecture 
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In this notable volume von Arx and Muller have begun the formida 
ble and long-delayed task of revision and systematic organization of all 
genera of the Pyrenomycetes. Although the work of revision has been 
considerably advanced in the past half century, particularly by von 
Hoehnel and Petrak, the literature has been fragmentary and difficult 
to consult. This comprehensive treatment by von Arx and Muller 
makes the results of their revision conveniently available. It will prove 
indispensable to anyone with even an incidental interest in the Ascomy- 
cetes. 

Considering the present confused state of classification in the As 
comycetes, the authors have wisely approached the problem through the 
comparison of all genera of similar ascospore form in the Saccardian 
system rather than the study of supposedly natural groups. In this 
first volume they treat the amerosporous genera of the Ascoloculares, 
true Pyrenomycetes, and Phacidiales, an order which they consider 
intermediate between the Ascoloculares and Discomycetes, but arbi 
trarily exclude the forms with allantoid ascospores and the well known 
genera of the Erysiphaceae. They present revised descriptions of 116 
recognized genera with their numerous synonyms and append notes on 
59 uncertain or excluded genera. Descriptions of most of the genera 
are accompanied by excellent drawings illustrating the characteristics of 
one or more typical species. Many of the genera, such as Physalospora, 


Glomerella, Polystigma, Coccostroma, etc., are monographed. For some 


genera only representative species are described. The treatment of 


genera and species generally is rather conservative. Physalospora 
malorum Shear, for example, appears in the list of more than 100 syno 
nyms of Botryosphaeria quercuum (Schw.) Sacc., while B. dothidea 
(Moug. ex Fr.) Ces. & de Not. includes the ubiquitous B. ribis Gross 
& Dugg. among its 24 synonyms. 

The value of the work is enhanced by the organization of the genera 
studied into families and orders. Keyes are provided to orders, families, 
and genera. In the Ascoloculares von Arx and Miller recognize the 
three orders Myriangiales, Pseudosphaeriales, and Dothiorales. All 
amerosporous genera are included in the families Botryosphaeriaceae 
(Botryosphaeria, Guignardia, Vestergrenia, Trabutia, etc.), Entopelta- 
ceae, and Mesnieraceae of the Dothiorales. Genera are described in the 
families Cryptomycetaceae, Phacidiaceae, and Hypodermataceae of the 
Phacidiales. Amerosporous genera of the Sphaeriales are placed in the 
families Melanosporaceae, which includes the Chaetomiaceae; Polystig 
mataceae with genera such as Glomerella, Polystigma, Phyllachora 


Physalospora, and Coccostroma; Cryptosporellaceae; Nectriaceae ; and 
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The Xylariaceae includes most of the genera of the 


Xy lariaceae I 
Neurospora as well 


Sordariaceae such as Sordaria, Gelasinospora, and 
as Neocosmopara and the genera usually associated with this family 


[he order Diaporthales is recognized for the allantoid Valsaceae and 


the Diaporthaceae, which contains amerosporous genera such as Phoma 
tospora, Endoxyla, Gnomoniella, and Diaporthopsis. An outstanding 
feature is the account of the little known family Coronophoraceae. Von 
\rx and Muller provide the first clear description of this family and 
illustrate the structure of the ascocarp in this group with figures of 
representative spec ies 

So many debatable points in the organization of families and treat 
ment of individual genera are apparent even on superficial examination 
that it seems hardly worth while to cite examples of personal interest 
This work will be severely criticized by specialists in various groups 
Such criticism is to be expected, especially in a work of such magnitude, 
and should be welcomed. However, it is to be hoped that nothing will 
discourage the completion of this great undertaking. The work in it 
self represents an invaluable contribution to the development of a com 
prehensive classification of the Ascomycetes and will be of even greater 
importance as a basis for further intensive taxonomic study of restricted 


groups.—E. S. LUTTRELI 


PractTicAL Mycotocy. MANUAL FOR IDENTIFICATION OF FUNGI, 
by Sigurd Funder. 146 pp., about 200 illustrations. brdéggers Boktr 
Torlag, Oslo, Norway—Stechert-Hafner, Inc., New York. Price $6.50 

\s stated in the introduction, this book is intended primarily for 
fractical workers who have little knowledge of the fungi but encounter 
them or the results of their activities in their work. A concise intro 
ductory chapter covers the major characteristics of the fungi and the 
types of fructifications they produce, together with simple laboratory 
procedures. This is followed by three sections on fungi of interest in 
general mycology, in medical mycology and in plant pathology, a classi 
fication in tabular form, references, glossary and index. The numerous 
illustrations are clear, rather diagrammatic and almost always helpful 

The treatment is very conservative: a desirable feature in a book 
intended for users who are not and usually do not care to be specialists 
It should prove extremely useful in chemical and medical laboratories 
and has a place in mycology and plant pathology laboratories, particu 
larly as a ready reference available to students —G. W. M 

SCIENTIFIC RESEARCHES OF THE OZEGAHARA Moor, by variou 
specialists under the direction of Y. Ogura. xvi + 841 pp. 24 photo 
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numerous photographs 


Tokyo, 


graphic plates with 52 photographs, 2 col. pl., 
and illustrations in text, separately numbered for each article. 
1954. 

The Ozegahara Moor has long been celebrated in Japan for its rich 
flora and insect life. Although a part of the Nikko National Park, it 
will be flooded if plans to construct a reservoir by damming the Pada 
In view of this impending fate, it 


migawa River are carried out. 
while ther 


seemed desirable to record the vegetation and insect life 
was yet time. The handsome volume here noted is the result 

The text is in English and Japanese, usually with summaries in the 
alternative language. Of interest to mycologists are the following 
papers: 

Lichen vegetation of Ozegahara moor and its vicinities, 
\sahina (537 538). 

Wood-rotting fungous flora in the Ozegahara moor and its adjacent 
districts, by T. Sasaki (539-552). 

Sphagnicolous fungi found in the Ozegahara moor, by Y. Kobayashi 
(553-560), including descriptions of three new species of agarics 

Studies on the aquatic fungi of the Ozegahara moor, by Y. Kobayashi 
and M. Okubo (561-574), including description of a new species of 


by Y. 


Rhizidiomyces. 

Moulds found in the Ozegahara moor and its neighboring region, by 
Y. Kobayashi and K. Tsubaki (576-584). 

In a separate folder are two large-scale vegetation maps and, on 


smaller scales, a map of the Ozegahara basin and a geologic map of th 


area.—G. W. M. 





MANUSCRIPT 


Publication in MYCOLOGIA is ordinarily restricted to those who have been 
members in good standing of the Mycological Society of America for over a year 
immediately preceding submission of manuscript. aria to this regulatioa re- 
quire a favorable vote by a majority of the Editorial Board. When a paper hax two 
ot more authors, the person submitting the paper is expected to be a member. 


Papers should be submitted in duplicate, typwritten and double-spaced throughout, 
to any member of the Editorial Board, preferably to that member most familiar with 
the subject matter. Papers will be published in the approximate order of their 
acceptance, except for the address of the retiring President and papers whose cost of 
publication is paid by the authors, the latter run as excess pagination. 


All illustrations should be numbered consecutively throughout a paper, using 
arabic numbers and small! letters for subdivisions, eg., Fig. 1, a etc. This does not 
mean that all figures grouped for convenience on a single page need have a single 
number. Figures should be prepared so that, when reduced, the width will not 
exceed 4 inches, and should be short enough to permit the insertion of the legend 
beneath the figures. Each article will be restricted to twenty pages, including il!us- 
trations, except when authors submit only one paper in two or three years of member- 
ship, in which case the restriction will be thirty and forty pages respectively. Ruled 
tabular matter is counted double. Should an author wish to publish additional pages 
in one article he may do so by paying for the excess pages at current rates. 


Citations of literature should be double-spaced, arranged in alphabetical order and 
cited by numbers. In citing papers with two or more authors, only the first author 
should have the initials after the surname. The address of the author should appear 
at the end of the text, before the bibliography. 

Each author will be restricted to two pages of half-tone illustrations for each 

, or their equivalent (the cost of each being approximately $9.25). Should 
authur submit illustrations for which the cost of cuts exceeds that amount, he will 
asked to bear the excess cost of the cuts in addition to excess pages. 


‘0 comply with the International Rules, it is recommended that contributors fur- 
brief Latin diagnoses of all new species and genera when their manuscript is 
submitted for publication. 
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Mycologia, bimonthly; devoted to fungi, including lichens; 


news and notes of general interest. $8.50 a year; single 18 


Established by The New York Botanical Garden in 1909, in 
Mycology, founded by W. A. Kellerman, J. B. Ellis, and B. M. 
William Aiphonso Murrill, 1909-1924. Edited by Fred Jay Seaver, " 
Smith, 1946-1950. Beginning with January, 1933, the official organ of the M 
of America. 

North American Flora. Descriptions of the wild plan:s of North America, including Green- 


land, the West Indies, and Central America. Planned to be completed in 34 volumes. Roy. 8vo. 
Each volume to consist of four or more parts, {Not offered in exchange.] Volumes 1-10 devoted 


to fungi. 


Vol. 1, part 1, 1949. Myxomycetes. $7.25. 
Vol. 2, part 1, 1937. Blastocladiaceae, Monoblepharid Saprolegniaceae, Ectrogellaceae, 
. $2.00. 

Vol. 3, part 1, 1910. Nectriacese-Fimetariaceae. $2.00. (Out of print.) 

Vol. 6, part 1, 1922. Phyllontictaceae (pars). $2.00. 

Vol. 7 (now complete), parts 1~15, 1906-1940, Ustilaginaceae-Aecidiaceae. $2.00 per part. 
(Parts 1-5 out of print.) 
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pert. (Parts 1-3 out of print.) 

Vol. 10, part 1, 1914; parts 2 and 3, 1917; part 4, 1924; par’. 5, 1932. Agariceae (pars). $2.00 
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The New Britton and Brown Iustrated Fiora of the Northcastern United States and Adjacent 
Canada, By Henry A. Gieason. 3 volumes. List price $30.00 per set; shipping charge $0.50. 
Succeeds the Illustrated Flora by Nathanie! L. Britton and Addison Brown. Includes descriptions 
and drawings of the plant species, from ferns to orchids, whic’ grow without cultivation in the 
erea extending from the St. Lawrence River to Virginia and weatward to Missouri and Minnesota. 


The Garden Journal of The New York Botanical Garden. Bimonthly, illustrated, containing 
news, book reviews, and non-technical articles on botany, exploration, and ho jiculture. Free to 
all members of the Garden. To others, 35 cnnts a copy, $2.00 a year. Now in its third volume. 
A continuation of the Journal of The New Ya-« Botanical Garden, fifty-one volumes. 


Brittenia. A series of botanical papers. Subscription price, $7.50 per volume. Now in its 
eigath volume. 
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